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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

SECTION 1.0 - INTRODUCTION (page 1 of 38) 

Revision: Final 
Date: 12/29/89 

This document supplements the Quality Assurance Project Plan (QAPP) for the American 

Chemical Services Site Remedial Investigation/Feasibility Study (RI/FS) in Griffith, 

Indiana. The changes in the QAPP are presented as an addendum to the approved QAPP, 

dated May 1989. Phase II RI activities have been established based on the results 

documented in the Phase I RI Technical Memoranda. 

Reference will be made to the previous QAPP document through citation of page numbers, 

as applicable. Unless changes are noted in this document, the description of activities in 

the original QAPP remain as stated. 

The overall objective of Phase IT investigation is to further determine the nature and extent 

of potential contamination at the site in order to support the activities of the Feasibility 

Study (FS). Results of Phase IT investigation will build on information collected during 

Phase I to provide a clearer picture of waste characteristics and potential for groundwater 

contamination. 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECTION 2.0- TABLE OF CONTENTS (page 3 of 38) 

The Table of Contents is unchanged. Modifications made are referenced to the 

appropriate locations in the original document 
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QAPP Addendum 
Phase II Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECIJON 3.0- PRQJECf DESCRIPTION (page 7 or 38) 

The site characterization described in Section 3 (page 7 of 38) remains as stated. Proposed 

Phase ll activities are described in detail in the Supplemental Work Plan (SWP). The field 

and sampling activities for each of the Phase n activities are summarized in Table 1 of this 

QAPP Addendum. 

Many of the activities in the Phase n SWP simply increase or re-allocate previously 

approved sampling procedures and are not included in this QAAP Addendum. However 

the following sampling and analysis activities were not included in the original Work Plan 

andQAPP: 

Field screening of VOC concentrations in groundwater. 

Reduction/Oxidation Potential ~edox) testing of field samples while collecting 
groundwater samples from monitoring wells. 

· Dissolved oxygen (DO) testing of field samples while collecting groundwater 
samples from monitoring wells. 

• Analysis for Tota1 Organic Carbon (TOC) in solid matrix samples. 

Data use and the associated data quality objectives for the above four activities have been 

summarized in Table 2 of this QAPP Addendum. 

Specific analytical procedures to be used in above activities are contained in Appendix B of 

this QAPP Addendum. 

A summary of Phase n sample numbers and matrices is given in Table 3. A summary of 

sample containers, sample volumes, preservatives and shipping methods is given in Table 4. 

The project schedule for Phase ll of the ACS Site RifFS can be found in Table 5. 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECUON 4.0- PRQJECT ORGANJZAUON AND RESPONSffiiLI'TIES (page 17 of 38) 

Project Organization and Responsibility remain as stated. 
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QAPP Addendum 
Phase II Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECDON 5.0 - OUALIIY ASSURANCE OBJECIJYES (page 5-1) 

The QA objectives remain as stated with the following exceptions: 

The last sentence of the second paragraph should refer to Table 2 of this QAPP 
Addendum in addition to Table 4 of ilie original QAPP. 

Subsection 5.1.2 (page 21 of 38) CompuCbem is ammended to include: Samples 
collected from pnvate wells will be analP.ed for TCL organics using methods 
described in Appendix B1, which provide lower detectiOn limits than CLP 
protocols. Larger volumes of sample media and MS/MSD samples will be 
collected for low-detection-limit analy:ses (Table 4 of this QAPP Addendum). As 
described in the method description, these analyses will have a similar level of QC 
effort as CLP protocols. 

· Subsection 5.1.2 (page 22 of 38) is ammended to include samples to be analyzed 
for total organic caroon (IOC). This analysis will follow the protocols described in 
Appendix B-2, with QC effort. 

Subsection 5.1.3 Field Measurement (page 22-38) is amended to include the 
following: 

Field Surv~f of Groundwater for VOes 
The level o QC effort for the collection and screening of groundwater samples in 
the field will consist of initial and continuing calibrations at regular intervals as 
described with the method in Appendix B-3. 

Dissolved wen 
The level ore effort for field measurement of dissolved oxygen (DO) will consist 
of pre-calibration and calibration checks of 1 per 10 samples as described in 
Appendix B-4. 

Redox Potential 
The level of QC effort for field measurement of redox potential (L) will consist of 
zeroing the instrument and checking operation before use and at regular intervals 
(1 per 10 samples). See Appendix B-5. 

Subsection 5.2 Accura~. Precision and Sensitivity of Analysis (page 23 of 38) is 
amended to include the ollowing: 

· Accuracy, precision and sensitivi!Y of the groundwater field screening method 
are described with the method reference in Appendix B-3. 

Accuracy of field measured DO will be judged from agreement of instrument 
readings with aerated water. Agreement will be within .±.0.5 mg/L. 
Measurement precision will be estimated by periodically (1 per 10 samples) 
making duplicate readings of samples. 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

· Accuracy of field measured Redox J>Qtential will be judged from agreement of 
instrument readings with standard tiuffer solutions. Agreement with standards 
will be within.± 10 mV of expected value and field measurements will be made 
to 1.0 mV. Measurement precision will be estimated by periodically (1 per 10 
samples) making duplicate readings of samples. If the unit fails to zero it will 
be replaced. 

• 
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QAPP Addendum 
Phase II Remedial Investigation 
American Chemical Services Site 

--- ~-- -- --·--·------· 

Revision: Final 
Date: 12/29/89 

SECDON 6.0- SAMPLING PROCEDURES (page 25 of 38) 

Specific Phase II sampling procedures are as documented in the original Sampling Plan. 

Table 4 of this QAPP addendum summarizes sample containers, preservatives, holding 

times, packing and transport methods. 

Documentation of use of specific procedures outlined in the Sampling Plan will be made by 

initialed entries in the field log book by the Sampling Team Leader. Further details are in 

the original Sampling Plan. 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECTION 7.0- SAMPLE CUSTODY AND DOCUMENTATION (page 26 of 38) 

Sample custody and documentation will follow procedures as stated 
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... QAPP Addendum 
Phase II Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECIJON 8.0- CALIBRATION PROCEDURES. fREQUENCY AND 
PREVENTATIVE MAINJENANCE FOR FIELD INSTRUMENTS 

(Page 29 of 38) 

This section remains as stated with the following amendment: 

Instruments used for groundwater field screening, DO and Redox potential will be 

calibrated or will undergo internal systems checks, as appropriate, prior to use 
following procedures recommended by the manufacturer (Appendices B-3, B-4 and B-
5 respectively). 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECDON 9.0- ANALYTICAL SERVICES (page 30 of 38) 

This section is ammended to replace Hazelton with CompuChem and the analytical 

procedures for the organic analysis of private drinking water samples are provided in 

Appendix B-1. Samples to be analyzed for TOC will follow procedures outlined in 

Appendix B-2. 
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QAPP Addendum 
Phase II Remedial Investigation 
American Chemical Services Site 

----~------~---- --~~--

Revision: Final 
Date: 12/29/89 

SECTION 10.0- DATA REDUCTION. VAliDATION AND REPORTING (page 31 of 

38) 

Procedures for data reduction, validation and reporting remain as stated, with the inclusion 
of Appendix B-1 through B-5 of this QAPP Addendum. 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECDON 11.0 - INTERNAL QUALITY CONTROL CHECKS (page 32 of 38) 

This Section is unchanged. 
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QAPP Addendum 
Phase ll Remedial Investigation 
American Chemical Services Site 

-----------------------------

Revision: Final 
Date: 12/29/89 

SECUON 12.0- PERFORMANCE AND SYSTEM AUDITS (page 33 of 38) 

This Section is unchanged. 
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f QAPP Addendum 
Phase II Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECDON 13.0 - PREVENT ATIYE MAINTENANCE (page 34 of 38) 

Preventative maintenance of field instruments will remain as stated, with the following 

amendment: 

Preventative maintenance of Field GC, DO meter and Eh meter are provided with 

method references in Appendix B-3 through B-5. 

Preventative maintenance of instruments used for TOC determination will follow 

manufactures recommendations. 
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QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECTION 14.0- SPECIFIC ROUTINE PRQCEDURES USED TO ASSESS DATA 

PRECISION.ACCUMCY AND COMPLETENESS (page 35 of 38) 

This Section is unchanged . 

WARZYN 

~ 



f 
• . QAPP Addendum 

Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECTION 15.0- CORRECIJYE ACTION (page 37 of 38) 

This Section is unchanged. 
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QAPP Addendum 
Phase ll Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

SECTION 16.0- QUALITY ASSURANCE REPORTS TO MANAGEMENT (page 38 of 

38) 

This Section is unchanged. 
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Activity 

Water Level 
Measurements 

Upper A~lfer Field 
Screening 

Monitoring Well 
Installation Lower 
Aquifer 

Upper A~l fer 

A~ffer Matrix 
Sllq)llng 

.. 

Table 1 

Phase II Site Investigation Summery 
American Chemical Services CERCLA Sfte 

Griffith, Indiana 

Supplemental 
Work Plan 
Reference 
.b!ll!!: Description Utilization of Data 

A 

B 

B 
c 
D 

Collect water levels at piezometers, Additional water level 
IIIOI'IItorlng wells, end steff gauges data 

15 grOU1dwater •IIIIIPlH analyzed 
by head space/field GC for 
estl.ated concentrations 

Estt .. ted concentrations 
of BETX In groundwater 
• ..,tea fr011 upper 
~I fer 

Assess hydraull c gradIents and 
surface water gravel water 
Interact lone 

Aid In Identification of 
horizontal extent of grOU1dwater 
cont•lnatlon by YOCs 
for IIIOI'IItorlng well plec--.t 

Four IIIOI'IItorlng wells screened 
In lower (Valparaiso) ~lfer 

Lower ~lfer water 1. 
levels and water &811PlH. 2. 

Extend site stratigraphy 
Detenatne vertical hydraulic 
gradients Concentration of EPA 

TCL and TAL par ... tera 3. Detenatne horizontal hydraulic 
gradient 

I 4 I c 

Anticipated Number 
of Investigation Sanples 

None 

FA 20·30 QC analysts 

LA: 6 Geotech s..,les 
LA: 4 Analytical Sa~~ples 
IS: Water levels 

B Four to eight additional upper 
~lfer wells Installed 

Delineate th~ horizontal 
end vertical extent of 
upper ~lfer 
conta~~fnatlon 

1. Document water quality In lower LA: 4·8 Analytical Samples 
~I fer 

B Collect 5 ~lfer matrix samples 
from Interior of groundwater plume 

Concentration of EPA Ttl 
and TAL pera.eters 

2. Concentration of EPA Ttl and TAL 
parameters 

1. Further ex•lne upper ~lfer LA: 5 Analytical semplea 
cont•lnatlon 

2. Date for treatability studies 

Private Well s...,ttng B Collect water •8111Ples fr0111 1 Concentration of EPA Ttl ExaMine for potential cont .. tnatlon LA: 10 Analytical samples 
of private water supply wells 

A~lfer Tests c 

Sediment s...,l lng E 

upgradient and 9 downgradlent water .and TAL para.eters 
supply wells 

Permeability testing at 4 upper 
~lfer and 4 lower ~lfer 
locations 

Collect 5 sedl.ent samples from 
dralnageweys surrounding site 

Estimates of ~lfer 
permeebt ll ty 

concentration of EPA Ttl 
end TAL parameters 

surrounding the site 

1. Input to contMinant transport None 
IIIOdel 

2. Data to calculate fate ad and 
transport 

3. Data to evaluate remedial 
alternatives 

Detel'ftllne If eroding sedl~~~enta are LA: 5 Analytical 
a potential cont•lnatton risk 

'1 

........... 
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-

Table 1 
(conttrued> 

Phase II Sfte lnvestfgatfc;~n s..-ry 
Alnertcen Che~~fcal Services CERCLA Site 

Griffith, Indiana 

• ~ i • 

Antfcfpeted Nurber 
Activity J&U!.t Description Utilization of Date of lnveatlpetfon Senples 

sedt~~ent s...,t tng 

Aerial Photograph 

Field Par-.eter 
Analysts 

Waste s...,l fng 

!!2!!!.i. 
IS • lnsftu Analysts 

E 

F 

G 

H 

LA • Laboratory Analysts 
FA • Field Analysts 

V251WP01PJV/JD 

Collect 5 near surface soft/ 
sedhnent • ..,tea 

Infrared color aerial photo taken 
of atte 

Analyze grain afze, end 
total organic carbon 

Infrared color photo 

During groundwater sample Field per..eter of 
collection, Made field .easurements .onftorfng ~,ll water 
fncluc:ffng t..,erature, pH, dissolved 
oxygen end redox potential 

Collect 20 eddftfonel waste/soft 
a...,tes 

Physical and chemical 
extent of burled waste 

Detert~fne aorptlve properties end LA: 5 Geotechnical samples 
natural attenu1tfon cepeblltttes of 
wetland 

Wetland delineation 

Aid fn assessing treat!blllty 
of grOU1dwater 

Date ior competfbflfty end 
treatability eveluetor 

( 

None 

IS: 18 

LA:ZO 

...--
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Activity 

Private Well Sampling 

Upper Aquifer Field 
Screening 

Field Parameter Analysis 
(D.O. and Redox) 

Sediment Sampling 

V251WP01PJV 

Table 2 

Summary of Additional or Modified Data Generating Activities 
And Associated Data Quality Objectives 

Supplemental 
Work Plan 
Reference 
letter 

8 

8 

G 

E 

American Chemical Services Site 

Use of Data 

Examine potential contamination 
of private water supply wells 
surrounding the site. 

Aid in identification of 
horizontal extent of ground­
water contamination by VOCs 
for monitoring well placement. 

Aid in assessing treatability 

Determine sorptive properties 
and natural attenuation 
capabilit)es of wetlands. 

Data Quality ObJectives 

Identify compounds present. Meet 
performance criteria for TCL organics 
as stated in CLP SOW 1/81 (or most recent). 
Meet performance criteria for inorganics 
and indicators as specified in Appendix F. 
of original QAPP and Appendix C of QAPP 
Addendum. 

Estimate concentrations (;50%) of BETX 
compounds as indicators of VOC 
contamination. Meet performance criteria 
specified in Appendix B-3 of QAPP Addendum. 

Meet instrument performance criteria 
specified in Appendix B-4 and B-5. 

Meet performance criteria for grain size 
specified in Appendix F of original QAPP 
and criteria for TOC specified in Appendix 
B-2 of QAPP Addendum. 
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TABLE 3 

SUMMARY OF PHASE II SITE CHARACTERIZATION 
QAPP ADDEIIDUM, PHASE II Rl 

ACS SITE, GRIFFITH, INDIANA 

s..,le<1><7) 
No. of Matrix Spfltet<4> 

Laboratory Study(]) lnvestlgetfve No. of Field llo. of Mlltrlx Spike Total No. of 

~ Lebore~oa Pera.et~rsf2 1 5 16! Ph2:' !!!!mp D!.pl1cates Flelf 8\enks D~.plfcete ~ P e I CoqlUC em TCL Voleti es 1 
Monitoring 
Wells 
ROUld 2 

C~hem TCL SeMI·Volettles 2B 6 1 9 

Groc.nfwater C~hem TCL Volatiles 2A 12 2 2 2 18 
28 • • 

CoqJUChem TCL SeMI·Volatlles 2A 12 2 2 2 18 
2B • • 

C~hem TCL PCB/Pestlcldes 2A 12 2 2 2 18 
28 • • 

Warzyn TCL Metals (Dissolved) 2A 12 2 2 0 16 
28 • • 

Warzyn TCL Metals (Totel) 2A 5 0 7 
2B • • 

Warzyn Cyanide 2A 12 2 2 0 16 
28 • • 

Warzyn Chloride, Alkalinity, 
Sulfate 2A 12 2 2 0 16 

28 • • 
Warzyn Ammonia, Nitrate-Nitrite, 

TOC, COO 2A 12 2 2 0 16 
2B • • 

Warzyn Total Dissolved Solids 2A 12 2 2 0 16 
2B • • 

Warzyn Total Suspended Sol Ids 2A 5 0 7 
2B • 

Private C~h!lft TCL Volatiles 2 . 10 1 1 13 
Wells C~hem TCL SeMI-Volatiles 2 10 1 1 13 
(low CoqJUehem TCL PCB/Pestlcldes 2 10 1 1 13 
Detection Warzyn TCL Metals (Total) 2 10 1 0 12 
Limits) Warzyn Cyanide (Unfiltered) 2 10 1 0 12 

Warzyn Chloride, Alkalinity, 2 10 1 0 12 
Sulfate, 

Warzyn A111110nla, Nf trate·Nftrl te, 2 10 1 0 12 
coo 

( ( 
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TABLE 3 (Continued) 

No. of 
Semple(1) Laboratory Study(3) Investigative tlo. of Field No. of 
!!!!d.! Leboretorx Pereneters<2£5~ Phase l!!!E!n ~YelJcete§ Eleld Blria 

Sed I ~~~tnt C~hem TCL Volatiles 2 5 1 
C~ht!lll TCL Sen~I·Voletlles 2 5 1 
C~ht!lll TCL PCB/Pestlcldes 2 5 1 
Werzyn TCL Metela z 5 1 
Werzyn Cyanide 2 5 1 

Natural Soila C~ht!lll TCL Volatilest 2 20 2 
·Waste Borings C~ht!lll TCL St!IIII·Voletllest 2 20 z 

C~ht!lll TCL PCB/Pestlcldest 2 20 2 
Warzyn TCL Metelsl 2 20 2 
Warzyn Cyanldet 2 20 2 
Werzyn Volatile Reslduet 2 20 2 

~lfer COIIIPlJCh!ll TCL Volatiles 2 5 1 
Materiels Ccnpuc:he11 TCL St!IIII·Voletlles 2 5 1 
Saa.,les COIIIPlJChM TCL PCB/Pestfcfdel 2 5 1 

Warzyn TCL Metals 2 5 1 
Warzyn Cyanide 2 5 1 

Geotechnical Werzyn Atterberg l f11lts 2 12 0 
s....,les· Werzyn Particle Size 2 12 0 
Wells end Total Organic Carbon z 12 2 
Sed I ~~~tnt Werzyn Catton Exchange Capacity 2 8 0 

Werzyn Total Porosity 2 12 0 

Notes r- s....,les will be considered low or medhn concentration. 
Z See Appendix 8 for TCL enalyte lists, also up to 30 tentatively Identified compounds. 
3 The star (*) Indicates that the number of samples end specific parameters will be detennlned 

fr011 Phase 1 end 2A results. Prel l111lnary assessment Indicates that up to 9 wells will be 
a....,led for the c~lete TCL, end the remaining number will be saa.,led for • reduced 
parameter list. Also note that Phase 2A aample number Ia given as the expected mexlmua. 

4 Sample number• do not reflect the additional volume of aamples required for ~~etrlx 
spikes end Matrix spike duplicate analysis. 

5 Temperature, pH end specific conductance .easurements will be taken In the field for 
aqueous samples. Qualitative screening with the HNu or OVA will be perfonned on solid samples. 

6 The I Indicates need for each specific analysis will be determined In field. 
7 Trip blanks will be Included for VOA analysis with each cooler shipped containing liquid samples 

for VOA analysts. 

V251QAPP2PJV/JD 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

...... _ 

Matrix Splke/(4) 
Matrix Spike Total No. of 
DYellcate ~ 

1 8 
1 8 
0 7 
0 7 
0 7 

1 23 
1 23 
1 23 
0 22 
0 22 
0 22 

1 7 
1 7 
1 7 
0 6 
0 6 

0 12 
0 12 
0 14 
0 8 
0 12 
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TABLE 4 
SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING 

FOR VATER, SEDIMENT AND LEACHATE SAMPLES 

Analvsls lottles end Jars ereserveSIS!!J HoldiDS TIM Voluwe of S!!!!ml! iblmt!:!ll Nor.al PackesiDS 

VATER AND lEACHATE 
Low concentreSion lOrgenlcs~ 
Set~f -volet tles Two-(four for private Iced to 40C 5 days l.l'ltll Fill bottle to Shipped Deily No. 1 foem liner 

wells) 1-lfter ember bottle extrec:tlon, 40 neck by OVernight or vennlc:ullte 
(teflon-lined c:ep) days after 

extrec:tlon 
Carrier 

Pestlc:ldes/PCBs Two (four for private Iced to 40C 5 days l.l'lttl Fill bottle to Shipped Deily No. 1 foam liner 
wells) 1·lfter ember bottle extrec:tfon, 40 neck by OVernight or vennlcullte 
(teflon-lined c:eps) days after Carrier 

extrec:tfon 

Volatiles Two (three for private Iced to 40C 7 days Fill c:~letely Shipped Deily No.1 foem liner 
wells) 40-•l volatile HCL to pH <2 (48 hours for no heedspec:e by Overnight or vennlc:ullte 
organic: analysts surface water) Carrier 
(VOA vlels) 

L!!! ~SJ!!:entretfon Unorsenlcsl 
Mete s (groundWater) One 1·llter high density Filter through 0.45 6 1110nths Fill to shoulder Shipped Dally No. 2 foam liner 

polyethylene bottle u. filter, HNol, to (Hg, 26 days) of bottle by OVernight or vennl cul I te 
pH <2 Iced to 40C Carrier 
Optional 

Metals (leec:hete, surfec:e water One 1-llter high density HMO] to pH <2 28 days Fl ll to shoulder Shipped Deily No. 2 foem liner 
end private water supply wells) polyethylene bottle Iced to 40C of bottle by OVernight or vennlcul tte 

Carrier 

Cyanide One 1-llter high density NeOH to ph >12 14 days Fill to shoulder Shipped Deily No. 2 foem liner 
polyethylene bottle Iced to 40C of bottle by Overnight or vennfcul tte 

Carrier 

Other Analysts 
Chlorides, Alkalinity One 1-llter high densfty Iced to 40C 28 days (14 Fill to shoulder Shipped Dally No. 2 foam l lner 
Sulfate polyethylene days for of bottle by OVernight or vennlcul tte 

alkal lntty) Carrier 

Total Organic Carbon, AMmonia, One 1-ll ter polyethylene Iced to 40C 28 days Fill to shoulder Shipped Deily No. 2 foe. liner 
Nitrate-Nitrite, Cha.lcel high density bottle H4S04 to pH <2 by OVernight or vennlcullte 
OXygen D111111nd Cerrfer 

Total Dissolved Solids One 1 ·ll ter polyethylene Iced to 40C 7 days Ffll to shoulder Shipped Deily No. 2 foam liner 
Total Suspended Sol Ids high density bottle ( f fl ter upon by Overnight or vennl cull te 

receipt et leb) Carrier 

( ( 
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TABLE 4 
SAMPLE QUANTITIES, BOTTLES, PRESERVATIVES AND PACKAGING 

FOR UATER, SEDIMENT AND LEACHATE SAMPLES 

Analysis Bottles and Jars Preservation Holdi[!S Time Volume of S!!ele Shf~I!Ji Normal Packaging 

UATER AND LEACHATE 
bow Concentration ~Drganicsl 
semi -Vol at tles Two-(four for private Iced to 40C 5 days U"lt ll Fill bottle to Shipped Dally No. 1 foam liner 

wells) 1-llter amber bottle extraction, 40 neck .by OVernight or vermicul he 
(teflon-lined cap) days after Carrier 

extraction 

Pestfcldes/PCBs Two (four for private Iced to 40C 5 days U"lt ll Fill bottle to Shipped Dally No. 1 foam liner 
wells) 1-llter amber bottle extraction, 40 neck by OVernight or vermiculIte 
(teflon-lined caps) days after Carrier 

extraction 

Volatiles Two (three for private Iced to 40C 7 days Fill cOII'pletel y Shipped Oaf ly No.1 foam l lner 
wells) 40-ml volatile HCL to pH <2 (48 hours for no headspace byOVemlght or vermiculite 
organic analysis surface water) Carrier 
(VOA vials) 

bow Concentration ~ID2raanlc!~ 
Metals (groundWater) one 1-llter high density Filter through 0.45 6 1110nths Fill to shoulder Shipped Dally No. 2 fo1111 liner 

polyethylene bottle UM filter, HNo3, to (Hg, 26 days) of bottle by OVeml ght or vennl cull te 
pH <2 Iced to 40C Carrier 
Optional 

Metals (leachate, surface water one 1-llter high density H~ to pH <2 28 days Fill to shoulder Shipped Dally No. 2 f01111 ll ner 
end private water supply wells) polyethylene bottle lc to 40C of bottle by OVemfght or vermiculite 

Carrier 

Cyanide one 1-llter high density NaOH to ph >12 14 days Fill to shoulder Shipped Oaf ly No. 2 f01111 ll ner 
polyethylene bottle Iced to 40C of bottle by OVernight or vermiculite 

Carrier 

Other Anal~fs 
Chlorides, Alkalinity one 1-llter high density Iced to 40C 28 days (14 Fill to shoulder Shipped Dally No. 2 foam liner 
Sulfate polyethylene days for of bottle by OVernl ght or vermiculite 

alkallnl ty) Carrier 

Total Organic carbon, Ammonia, One 1-llter polyethylene Iced to 40C 28 days Fill to shoulder Shipped Dally No. 2 foam ll ner 
Nitrate-Nitrite, Chemical high density bottle H4S04 to pH <2 by OVernight or vermiculite 
Oxygen Demand Carrier 

Total Dissolved Solids one 1-llter polyethylene Iced to 40C 7 days Fill to shoulder Shipped Dally No. 2 foam liner 
Total Suspended Solids high density bottle (filter upon by OVernight or vermicul fte 

receipt at lab) Carrier 



Analvsts Bottles end Jers 

SOIL/SEDIMENT 
Low or Med Concentration (Organics) 
Acid extract8bles, bise/neutrel One 8-oz wide mouth gless 
extractebles, pesttcldes/PCBs jar 

Volatiles Two 120-•l ~ vials 

Low or Med ConcfC]!ratlon <lnorsenlcs> 
Metals end Cyen One 8·oz wide .outh 

glass jar 

Ph~tca' Anal~es Ora n s ze, .;; sture content 

Penneablllty 

Total Organic Carbon 

V251QAPP2PJV/gmg/PJV 

One 8-oz wide .auth 
glass jar 

One 8-oz wide .auth 
glass jar 

3-ln Shelby Tubes 

One 8-oz wide mouth 
gless Jar 

TABLE 4 
(Conti rued) 

Preservation 

Iced to 40C 

Iced to 40C 

Iced to 40C 

None 

None 

40C 

None 

• ,, f 
I •• • 

Holding Time Volune of Sanple ShiPPing Normal Packaging 

10 days W'ltl l FIll 3/4 full Shipped Dally Foa~~ ltner No. 3 
extraction by OVernight (Med In cans/ 

Carrier venntcullte) 

10 days Fill c~letely Shipped Dally Vennlcullte 
no headspec:e by Overnight (Med In cans/ 

Carrier ver~~~lcullte) 

6 IIIOf'lths (14 FIll 3/4 full Shipped Dally Foam l tner No. 3 
days for by OVernight (Med In cans/ 
cyanide Carrier venntcullte) 

not established Fill 3/4 full Shipped Dafly Ver111l cult te 
by OVernight 
Carrier 

not established Fill 3/4 full Shipped Defly Ven~lcullte 
by OVernight 
Carrier 

not established Fill 3/4 full Shipped Dally Ven~lcultte 
by Overnight 
Carrier 

28 days FIll 3/4 full Shipped Deily Ver111l cull te 
by Overnight 
Carrier 

( 1 
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INTRODUCI'ION 

SUPPLEMENTAL WORK PLAN 
PHASE II REMEDIAL INVESTIGATION 

AMERICAN CHEMICAL SERVICES SITE 
GRIFFITH, INDIANA 

-1-

The original Scope of Work for conducting a Remedial Investigation/ Feasibility Study 
(RI/FS) at the American Chemical Services CERClA Site, as developed for the Work 
Plan and approved in the consent agreement, specifies two phases of work for conducting 
the Remedial Investigation at the ACS Site. A majority of the Phase I work has been 
completed. This document represents a revised scope of work for conducting phase ll of 
the Remedial Investigation. 

In a memo dated October 17, 1989, Robert Swale, U.S. EPA Remedial Project Manager 
(RPM) proposed an expanded and revised scope of work for conducting Phase II of the 
RI. The PRP group has spent time and considerable expense during the month which 
followed Mr. Swale's memo, considering his proposal and responding to it. At the 
direction of the PRP group, Warzyn Engineering Inc. has drafted this Work Plan 
Addendum for Pr 'tSe II RI tasks to respond to the U.S. EPA proposal. 

Additional time and expense have been incurred by the PRP group, and the project has 
been delayed several weeks, while the PRPs have considered the U.S. EPA proposal, and 
in essence, re-negotiated a scope of work, modified from the one already approved in the 
signed consent agreement. That original work scope was developed in a joint effort 
among the U.S. EPA, EPA's technical contractor, Roy F. Weston, and Warzyn 

(representing the PRP group). 

Warzyn has developed this Supplemental Work Plan (SWP) at the request of the PRP 
group to respond to the U.S. EPA Phase II proposal by re-organizing, modifying, and 
supplementing the previously-approved Phase II scope of work. If this SWP and 
associated QAPP addendum can be approved by December 6, 1989, it may be possible to 
initiate Phase II of the Remedial Investigation during the week of January 16, 1990. The 
project schedule has been revised for the assumed January 16, 1990 start of Phase II; it is 

included as Table 1. 
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The following description of activities for the Phase IT Remedial Investigation at the 

ACS CERCLA site is organized in the sequence of the U.S. EPA's October 17, 1989, 

''Proposal for Phase II of the RI/FS" to facilitate review. The field and sampling 

; activities for each of the activities are summarized in Table 2. 

A. GROUNDWATER AND SURFACE WATER FWW DI&ECIJON 

Four monitoring wells will be constructed during Phase ll with screens sealed in the 

lower aquifer. Water levels from these wells will provide data to calculate grow1dwater 

flow direction in the lower aquifer. Water levels collected at these lower aquifer wells 

will be analyzed with the data base which includes water levels at the Phase I monitoring 

wells, piezometers, and staff gages. The results will be used to document the vertical 

hydraulic gradient between the Upper and lower aquifer across the site. Water levels will 

also be used to document horizontal gradients in the lower aquifer. 

Water levels have been measured at all piezometers, monitoring wells, and staff gages on 

two dates. Two additional measurements will be made during Phase II of the 

investigation: one during December 1989/January 1990 when the ground is frozen, and 

the second during March/ April 1990, wben the annual hydrograph is expected to be at 

its peak. Up to four additional water level measurements will be made at a 

representative group of measuring points (8-12 of the piezometers, monitoring wells, and 

staff gages), to provide more detailed data regarding interactions between groundwater 

and surface water, and response to aquifer stresses. 

Existing geologic and hydrogeologic information will be evaluated and used to 

supplement the results of Phase I and II site investigations. Sources include: 

information in U.S. EPA files, and the Preliminary Hydrogeolo~c Site Assessment 

conducted in January 1986 by ATEC Associates for Mr. James Tarpo. The ATEC report 

contains boring logs, sampling information and water level data from 1986 . 

• 
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A numerical model will be used to synthesize the climatological data, aquifer 

characteristics data, and water level data into a conceptual flow model. This will be 
useful in developing an understanding of the groundwater flow system and its 
interactions with surface water, and in evaluating potential remedial alternative 
scenarios. 

B. CONTAMINANT PLUME DELINEATION 

Upper AQllifer lnvestiiation. Four to eight Phase II monitoring wells are specified in the 
approved work plan. Water level measurements in the upper aquifer indicate that there 
is a groundwater high beneath the ACS Inc. facility, and that groundwater flow may be 
radially outward. Therefore it is possible that the groundwater plume extends in several 
directions from the site. 

With the potential for a plume to extend in all directions from the site, it is uncertain 
whether the plume could be adequately delineated if the only further activity is installing 
eight additional monitoring wells. Therefore, it will be cost effective to use a field 
screening technique to optimize the locations ~d limit the number of monitoring wells. 
Soil gas sampling is a generally accepted field screening technique. However, it appears 
that the field work will be conducted in the winter when ground will be frozen so there 
may be potentially high volatile organic concentrations in the ambient air and there may 
be a high potential of getting meaningless results. 

An effective field screening method at the ACS site would be to collect groundwater 

samples at multiple locations surrounding the site to be analyzed for VOCs or 
semivolatile compounds. The water levels measured at the piezometer network have 
provided precise data regarding the depth to the water table, so it would be relatively 
efficient to penetrate through the water table and collect a groundwater sample for field 
GC analysis. The result would be an analytical test result for the groundwater at the 

sampled location. 

It is proposed that Tracer Research Corporation (Tracer) be subcontracted to collect 
water samples from the aquifer in the zones indicated in Figure 1. Tracer uses a 
sampling van with the capability of driving a sampling probe into the ground to collect a 
groundwater sample. After the water sample is collected, head space analysis is 
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conducted using the field GC instrumentation in the van. Using this method, it will be 
possible to map the extent of the VOC plume in the upper aquifer in two or three days. 
On the basis of the field screening, the well locations will be selected to intersect the 
outer edge of plume in the upper aquifer, thereby documenting its extent and character. 

Locations and numbers of wells (up to maximum of eight) necessary to adequately 

accomplish this goal will be determined from the field screening results. 

Aquifer samples (solid matrix samples) will be collected at up to five points within the 
groundwater contamination plume to provide an indication of contaminant 
characteristics for remedial alternatives evaluations. The locations will be determined 
from the field screening results. Parameters for analysis will be VOC and semi-volatile 
organic compounds. 

Lower AQYifer Investi~ation. The January 1986 Preliminary Hydrogeologic report by 
AlEC describes a monitoring well constructed in the lower aquifer in 1985. The report 
indicates that the clay layer is approximately 12 feet thick at the ACS facility, located 
between eleYations 603 and 615 feet mean sea le,vel. 

During Phase n, four monitoring wells will be constructed in the lower aquifer to provide 
hydraulic gradient and water quality information. A double casing drilling technique will 
be used to avoid potential cross-contamination from the upper aquifer. The wells will be 
constructed with stainless steel materials, and will have five-foot screens located in the 
upper zone of the lower aquifer. The first three lower aquifer wells will be constructed 
at the approximate locations indicated on Figure 2. The fourth well location will be 
selected to be downgradient of the site on the basis of water levels in the first three. 

Groundwater Samplin~. The approved work plan specifies that two rounds of sampling 
will be conducted at each Phase I and Phase n monitoring wells. The target compound 
list (TCL) of organic parameters and the target analyte list (TAL) for inorganic 
parameters will be tested for in the first round of sampling at each well. For the second 
round of sampling at each well, the parameter list may be reduced to test for only the 
groups of compounds which were indicated in the first round of sampling. 
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During Phase II, the second round sampling will be conducted at the Phase I wells (MW-

1 through MW-6), and both rounds of sampling will be conducted in the Phase II wells. 
The parameter list for Phase I monitoring wells has been reduced on the basis of Phase I 

sampling results to include VOCs and semivolatile compounds. 

Provided access can be obtained, ten existing water supply wells within one mile of the 

site will be sampled. Water levels measured in the four lower aquifer monitoring wells 

will be used to determine the groundwater flow direction in the lower aquifer in the 
vicinity of the site. Nine downgradient locations and one upgradient location will be 

selected for sampling and samples will be analyzed for TCL and TAL parameters. 

Additional efforts will be made to classify the general characteristics or groupings of the 
groundwater sampling results which have been classified as "unknown" compounds in 
Phase I sampling results. 

C. AQUIFER TESTS AND ENGINEERING EVALFATION 

The purpose of conducting aquifer tests in the Remedial Investigation is (1) to provide 

an adequate characterization of aquifer characteristics to evaluate potential fate and 

transport of contaminants for the Endangerment Assessment and (2) to provide scoping 

information for remedial alternatives evaluation in the Feasibility Study . 

Aquifer tests were conducted by bail test at each of the Phase I monitoring wells. In 
addition, grain size analysis was conducted on samples from the aquifer material 

collected from the screened zone of each of the six monitoring wells. The aquifer tests 

indicate that the hydraulic conductivity (K) in the upper aquifer ranged between 1.5x1o-3 

em/sec at MW-2 where the aquifer consisted of fine sand, to 1.2x1o-2 em/sec at MW-5, 

where the aquifer material consisted of sand and gravel. 

These results indicate the bail tests, supplemented with grain size analyses, have been 

adequate to characterize the aquifer properties at the ACS site. There is no indication 

that conducting a pumping test would provide significantly more precise aquifer data. It 

is likely that conducting a pumping test would cause delays in project progress because 

the water pumped during a pumping test would be contaminated. Warzyn's experience 
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indicates that it would be very difficult and time consuming to obtain permits for disposal 
of the pumped groundwater. 

The physical and chemical characteristics of the three major geologic units will be 

further characterized by additional analyses. Two soil samples will be collected from the 
upper aquifer (Calumet Aquifer), the confining clay layer, and the lower aquifer 
(Valparaiso Aquifer). Analyses for each of the six samples will include (as appropriate): 
grain size, Atterberg limits, total porosity, and total organic carbon (TOC). 

A groundwater flow model will be used to synthesize the slug test data, climatological 
data, and the water level measurements, and develop a conceptual model of the upper 
aquifer flow regime. 

D. FURTIJER CHARACTERIZATION OF SITE STRATIGRAPHY 

Eight to twelve additional borings will be made to install monitoring wells during the 
Phase II investigation. Four of the borings will extend through the clay confining layer 
and be completed as double cased lower aquifer m.:mitoring wells. The results of these 
boring will document the total thickness of the clay confining layer at different locations 
beneath the site. 

Each of the four lower aquifer wells will be constructed in the vicinity of an upper 
aquifer monitoring well to create "well nests" at four diverse locations across the sit.e. 
Water levels measured both above and below the confining layer at each of these 
locations will provide further data to evaluate the integrity and continuity of the clay 
layer throughout the site. Additional information regarding physical properties of each 
geologic unit will be obtained in Activity C. 

E. DELINEATION OF SURfACE WATER/SEDIMENT CONTAMINATION 

The approved Work Plan specified 1 surface water and 1 sediment sample at 11 
locations (22 total samples) for the Phase I investigation. During the field activities, 
there was no standing water at several of the Surface Water/Sediment (SW /SD) 
sampling locations. Mr. Swale agreed that collecting sediment samples only at these 
locations would sufficiently characterize the conditions. As a result, the samples which 

were not collected in Phase I will be re-allocated to Phase II. 
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Five sediment sampling locations have been identified to further characterize the 
surficial contamination in the adjacent surface water areas and drainageways 
surrounding the site and along the railroad between the Griffith Landfill and the marshy 

area to the north. General locations are shown on Figure 3. 

To aid in the determination of the sorptive properties and natural attenuation 

capabilities of the wetland soils, six near surface soil samples will be collected and 

submitted for laboratory analysis. Characteristics tests will include grain-size analysis 
and total organic carbon (TOC) determination. 

F. WETLANDS DELINEATION 
During November 1989, aerial photographs were taken of the ACS site and 
surroundings. Besides the photography to develop the site base map (1 in = 100ft, 2-ft 
contour interval), a black and white photograph and a color infrared photograph were 
taken. Initial wetland delineation may be conducted through interpretation of these 

photo maps. 

U.S. EPA has reported that there is an interest by the Fish and Wildlife Department, 

Indiana agencies, and local interest groups, to have detailed wetlands assessment 
conducted. Apparently, the Fish and Wildlife Department has scheduled site work for 
the spring of 1990. The PRP group will discuss the requirements of the assessment with 

the appropriate agencies before the work is scheduled to begin, and develop an approach 

to avoid duplication of effort. 

G. TREATABILI'IY STUDIES 

Phase I findings indicate that there are no wastes or contamination problems which have 
not been encountered previously at other CERCIA sites. Therefore, there should be 

existing information from other sites to evaluate the treatability without conducting 

detailed treatability studies with ACS waste. 

To facilitate completion of the feasibility study, it is appropriate to collect some 

additional data regarding the chemical and physical properties of the contaminated site 
media. The media which will require remediation are: the soil/waste and the 

groundwater. 
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The purposes of Phase II soil/waste sampling are to further delineate the extent of waste 

(Activity H) and to characterize chemical and physical properties of the waste for 

compatibility and treatability. Field obsetvations during Phase I indicate that the waste 

characteristics are highly diverse. The Work Plan specifies that appropriate test 

parameters may be selected for each sample. Therefore, field decisions will be made to 

perform appropriate analyses for characterizing waste compatibility and treatability. 

Examples of possible test parameters are total organic carbon, BTIJ rating, and potential 

ash generation. 

Most of the laboratory analyses which might be useful in assessing groundwater 

treatability are being conducted in the TCL and TAL sampling required in Round 1 of 
the sampling. Several field measurements will be conducted during Phase II field work 

inclu~g: pH, temperature, dissolved oxygen, redox potential, depth to groundwater, and 

saturated thickness. 

After the feasibility study is completed, and a final design has been selected, it may be 

appropriate to conduct bench or scale studies to appropriately scope the final remedy. 

H. ADDmONAL WASTE BURIAL DELINEATION AND CLOSING OF DATA GAPS 

The approved Work Plan specifies that 20 additional solid matrix samples will be 

collected during Phase II to further delineate the vertical and horizontal extent of 

soil/waste contamination at the site. In addition, 10 samples designated for collection in 
Phase I were not collected. These include the six surface water samples discussed in 
Activity E (above), and four surface area (SA) samples which were deferred during the 

Sample Location Staking, conducted on June 15, 1989. (During location staking, 

representatives of U.S. EPA, U.S. EPA's consultant, and Warzyn agreed to defer surface 
area samples which were either redundant to other sampling locations, or were located 

in high traffic areas). Since these samples were Phase I samples, they included the full 

TCL and TAL parameter list. 

As a result, a total of 30 solid matrix samples remain to be collected from the total 

number of solid matrix samples designated for Phase I and II of the approved work plan. 

Five of these samples have been allocated to the sampling surface sediment in Activity E 

above. Another five have been allocated to characterizing the interior upper aquifer 
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The remaining 20 sampling locations will be assigned to delineate the extent of 
contamination in known waste areas, and to characterize and delineate waste in newly 
identified areas. The most flexibility will result by conducting the soil/waste sampling 
following the procedure used in Phase I. 

The Phase I procedure was to delineate the horizontal and vertical extent of buried 
waste using auger probes; then, to go back to areas which the auger probes indicated 
were most highly contaminated, or most characteristic of a given area, and collect 
samples. This procedure will be used in four areas (indicated on Figure 4 ): 

A zone between the Kapica area and the Griffith Landfill 

A zone between the Kapica area and the Off-Site Containment Area 

The Off-Site Containment Area 

The area west of the existing treatmer.t lagoon 

Auger probes will be used as a field screening method in each area to develop visual and 
field instrument characterizations of the waste types and the horizontal and vertical 
extent. Then 20 Phase II solid matrix samples will be used to characterize the waste for 
compatibility and treatability as appropriate. 

I. ENVIRONMENTAL AUDIT OF THE AMERICAN CHEMICAL SERVICES 

FACILI'IY 
The work scope for Phase I of the RI included an environmental audit of the ACS 
facilities. After a lengthy delay in providing site access to conduct the audit, ACS Inc. 
management allowed the audit to proceed during the week of November 13, 1989. 
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1. Schedule for Implementation of Phase ll Activities 

2. Summary of Additional or Modified Data Generating Activities 

1. Field Screening Areas 

2. Proposed Locations for First Three Lower Aquifer Wells 

3. Surface Sediment Sampling Areas 

4. Waste Areas Requiring Further Delineation 
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TABLE 1 

SCHEDULE FOR IMPLEMENTATION AND PHASE II ACTIVITIES 
AMERICAN CHEMICAL SERVICES SITE 

Date 

January 16, 1990 

January 22, 1990 

March 5, 1990 

March 23, 1990 

June 4, 1990 

April13, 1990 

June 19, 1990 

June 25, 1990 

V251QAPP2PN /ID 

REMEDIAL INVESTIGATION 

Event /Deliverable 

Supplemental Work Plan and QAPP Addendum Approval 

Phase II Mobilization 

Completion of Phase II Monitoring Wells 

Completion of Phase II Field Work 

Complete validation of Phase II, Round 1 samples 

Completion of Phase Round 2 groundwater sampling 

Complete validation of Round 2 groundwater samples from 
Phase II wells 

First Draft Remedial Investigation Report Submitted to U.S. 
EPA 



Act1y1ty 

Private Well Sampling 

Upper Aquifer Field 
Screening 

Field Parameter Analysis 
(D.O. and Redox) 

Sediment Sampling 

V251WPOIPJV 
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Table 2 

Summary of Additional or Modified Data Generating Activities 
And Associated Data Quality Objectives 

Supplemental 
Work Plan 
Reference 
Letter 

8 

B 

G 

E 

American Chemical Services Site 

Use of Data 

Examine potential contamination 
of private water supply wells 
surrounding the site. 

Aid in identification of 
horizontal extent of ground­
water contamination by VOCs 
for monitoring well placement. 

Aid in assessing treatability 

Determine sorptive properties 
and natural attenuation 
capabilities of wetlands. 

( 

Pata Quality Objectives 

Identify compounds present. Meet 
performance criteria for TCL organics 
as stated in CLP SOW 1/81 (or most recent). 
Meet performance criteria for inorganics 
and indicators as specified in Appendix F. 
of original QAPP and Appendix C of QAPP 
Addendum. 

Estimate concentrations (;50%) of BETX 
compounds as indicators of VOC 
contamination. Meet performance criteria 
specified in Appendix B-3 of QAPP Addendum. 

Meet instrument performance criteria 
specified in Appendix 8-4 and B-5. 

Meet performance criteria for grain size 
specified in Appendix F of original QAPP 
and criteria for TOC specified in Appendix 
B-2 of QAPP Addendum. 
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APPENDIX B-1 

LOW DETECTION UMIT METHODS FOR ORGANIC ANALYSIS 
OF PRIVATE WELL SAMPLES 



STANDARD OPERATING PROCEDURE 

LOWER DETECTION LIMIT LIQUID 

VOLATILE ORGANICS 



STANDARD OPERATING PROCEDURE 

OVERVIEW: 

Th:! -~··:~ -~ f:~ t~e a~~ly!l~ cf E~~ or COMMERCIAL HSL lower 
Gete:1:or ~:·1t 11~~~~ ~a~~!e~. All standards, blank5, sa~ples 
end other requ1red runs ~ust be inJected w1th1n twelve ( 12l hours 
of the t1Me the BFB was lnJected. All 1nJect1ons Must be recorded 
in the 1nstruMent 1o~ including the date, tiMe (use a twenty-four 
hour tiMe scale), voluMe lnJected, operator ID, d1sk nuMber, and 
~ny coMMents relevant to the injection. At the end of the tune, 
unused run lines Must be x'd out by the operator and the lo~ pa~e 
5lgned and dated by the operator. One copy of the log page should 
be placed in the log book and the other attached to the standard 
package for that tune. 

ORDER OF ANALYSIS: 

1. BFB. 

All criter1a Must be Met according to requireMents establ1shed by 
the EPA <See SOP for BFB tuning). Approved tunes Must have the 
operator's in~tials in the blank labeled "Data Released By". 

2. CONTINUNING CALIBRATION CHECK STANDARD. 

If the instru~ent has a valid Multipoint and the calibration check 
standard ~eets all requireMents then it May be used for the tune. 

3. MULTIPOINT. 

lf the instruMent does not have a valid Multipoint for th1s 
a~alysis or if the calibration check standard does not Meet all 
required criteria then a five-point cal1bration Must be run. The 

• five-point calibration Must Meet ell criteria as establshed by the 
EPA. 

~- 25 ML CONTINUING CALIBRATION CHECK STANDARD. 

If the instruMent has a valid ~ultipoint and the calibration check 
standard ~eets ell requireMents, then a 25 Ml, 10 ug/1 continuing 
calibration check standard is analyzed. All data is quantitated 
using the response factors froM this standard. 

5. 25 ML INSTRUMENT BL~N¥.. 

All surrogate criteria Must be Met. All coMpounds Must be SOL 
(below detection liftlts) except for ~ethylene chloride end 
acetone. Methylene chloride and acetone May be present at upto 
the detection liMit in the first blank and uo to twice the 
detection liMit in the second blank, if the concentrations in the 



two blanks ere coMparable. A val1d blank Must be obta1ned before 
any saMgles May be analyzed. If no saMples are analyzed during a 
•tune·, a vel16 blank is st1ll required 1f a MultlPOlnt ~as been 
run. 

6. S~~F~ES. 

All saMples Must be inJected with1n twelve< 12l hours of the tlMe 
the BF8 was inJected. SaMples should be analyzed accord1ng to 
batch and due date. Any other requ1red inJection, such a5 
Quarterly prof1ciency tests, saMple spikes, blank spikes, etc. 
~ust also be analyzed dur1ng th1s tiMe. 



FIVE-POINT CALIERATION 

FREQUENCY: 

A five-point calib~atioM ~ust be pe~for~ed tf the 1nst~u~ent dQes 
nc't t"uhe a val1d "..;~tl;:::-· ~:~ ~-:~! ~tn:c cr- 1f the ca!!br-~~:or. 
cneck standa~d fa1ls ta ~eet ell required criter1a <estebl1shed by 
the EPA>. 

NOMINAL CONCENTRATION VALUES: 

The no~inal concentration values and standard IO's for the 
flve-point calibration are as follows. 

STANDARD ID 

1859 
1858 
1857 
1856 
1855 

CONCENTRATION <ug/1) 

200 
150 
100 
50 
20 

STANDARDS PREPARATION: 

level by using the volu~es 
prepared by spiking the 
solution into gas tight 
distilled/deionized water. 
be stored in the volatile 

Standards ere prepared for any given 
listed below. All standards ere 
appropriate volu~e of each standard 
syringes containing 25~ls of sparged, 
All pri~ery anelv.ticel standards should 
standards"refrigerator when not in use. 
in ul). 

<All volu~nes ere given 

STANDARD ID I 1855 1856 1857 1858 1859 

036 5.0 5.0 5.0 5.0 5.0 
394 5.0 5.0 5.0 5.0 5.0 

1301 1.0 2.5 5.0 7.5 10.0 
\307 1.0 2.5 5.0 7.5 10.0 
1322 1.0 2.5 5.0 7.5 10.0 

STANDARDS ANALYSIS: 

~~~edietely after the standards are prepared they ere injected via 
the teflon stopcock on the lek~ar into the purge vessel end purged 
for twelve Cl2> ~inutes. Sa~ples are analyzed using the AC 
progra~ in the for~ 

Enter the 
including 
progra~). 

1 s ready, 

AC filena~e I nu~ber of scans to acquire 

appropriate infor~~tion for sa~ple description, 
instruMent IO and operator IO <as pro~pted by the 

When the inf~r~ation has been entered and the instru~ent 
the Tek~ar is~swit~hed to lhe de5orb po5ition and the 

. :·· 
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sa~ple ia introduced onto the head of the colu~n. The deta 
acQuisition will continue unsuperv1sed until the des1gnated nu~cer 
of scans has been acQulred. Enouch scans should be acQuired so 
that the f1na1 co~pound co~p1ete1y elutes. 

QUANTITATION: 

S'!~-::c-.-::~ ~re Q.:.J~nt~!!~~= ..;:•:""; t"'e Rl\ proQre,., with opt1or: 2. The 
R~ procedure allows ind1v1duai co~pounds to be Quantltated us1ng 
an average f1t to the response list of the ~ost recently updated 
continu1ng calibration check standard for the part1cular analys1s. 
The Rl\ procedure is inltiated by typing the co~~and in the for~ 

RK filena~e 12, linker 

where the linker for standards quantitation is E237. All 
forty-two C42l co~pounds ~ust be found for each standard in the 
five-point calibration. Co~pounds not found by the RK progra~ can 
be found by the UPQUAN progra~ in the for~ 

UPQUAN library ID a library entry 

After all co~pounds have been found, the quantitation !ist ~ust be 
edited. This can be acco~plished using the EOL progra~ in the 
for~ 

EOL filena~e • filena~e 

and deleting any blank entries on the quantitation list. When the 
quantitation list has been edited. it ~ust be sorted using the 
QSORT progre~ in the for~ 

QSORT filena~e • linker 

where the lin~er is 
Quantitation list can 
for~ 

E237 for standards Quantitation. The 
then be reprinted by the MQ progra~ in the 

MO filena~e sF2sH;E 

which will print the co~pound list and the F2 table. 
nu~ber of co~pounds were not found by the RK progre~. 
point the 11 table should be updated so that the 
subsequent aa~ples will be located correctly. 
acco~lished by typing the following co~~ands: 

SET J f ilena,.,e 
SEl2 linker 
RKSL e• tE 

If a large 
then at this 
co~pounds in 

This can be 

To enter these co~~end~. you ~ust be in the Alternate E~ecutive 
~ode of the co~puter. If you are not 1n the Alternate E~ecutive 
~ode. typing OISSW will put you into this ~ode. After entering 
the above · co~~ands and updat1ng the 11 . hble, you should again 
type OISSW to return you fo the nor~el operating ,.,ode. 
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GENERATING THE MULTIPOINT: 

After all five standards nave been Quantitated, the ~ultipoint is 
generated using the EPAMP prcgra~ in the fer~ 

E;:riMF l1r.te!"' 

where the linker is E237. The progra~ will then pro~pt you to 
enter the filena~es of the low, "ed-low, ~ed, ~ed-hlgh, and h1gh 
level standards. The EPAMP progra~ w1ll then generate a report 
detailing the response factors for each standard, the average 
response factor for all f1ve standards, and the percent relative 
standard deviation <RSO) for each co~·pound. If the response 
factor for one or "ore co~pounds is "issing then the ~ultipo1nt 
will be incorrect. The appropriate standard ~ust be corrected 
using the above procedures and the EPAMP progra~ run agair. 

'-' Co~pounds designated as SPCC and CCC ~ust also "eet the E?A 
~ultipo1nt criteria (see SPCC and CCC cr1teria below). In 
addition, the ~ltipoint "ust be inspected for any bad entries 
or unusual data points. This "ultipoint is double checked and 
approved by either a Senior Operator or the Data Review 
Specialist. 

DEFINITION OF A VALID MULTIPOINT: 

1. One ( 1) valid injection of each of five standard 
concentrations. 

2. All standards acQuired under a valid tune. 
3. All co~pounds present in all five <5> standards. 
•· All iso"er pairs "ust be resolved. 
5. All SPCC criteria "ust be ~et. 
6. All CCC criteria ~ust be ~et. 
7. A valid lnstru~ent Blank obtained. 
8~ Multipoint reviewed and signed off by Senior Operator/Data 

Rev1ew Specialist. 
9. Spectra of any h1ts in the blank. 

10. Searches of any extraneous peaks in the blank RIC. 

SPCC CRlTERlft: 

The following co~pound "ust have .en average response factor 
greater than or eQual to 0.300 in the ~ultipoint. 

Chlorol'lethane 
1 ,1-Dichloroethane 
Sro~ofor" <0.250 for Bro"ofor~ only> 
I ,J,2,2-Tetrachloroethene 
Chlorobenzene 

: ~. 



CCC CRITERIA: 

The following coMpound~ Must h~ve a p~rcent RSO <between the five 
standards) of less than or eQual to 30% in the Multlpoint. 

Cnlorofcr-M 
1 .2-01 chl oropropane 
Toluene 
Ethylben:ene 

CONTENTS OF THE MULTIPOINT PAC~:AGE: 

A co~plete Multipoint package ~ust contain each of the following: 

t. BFB tuning and ~~ss calibration for~s. 
2. A Quantitation report for~ for each standard. 
3. A labeled RIC for each of the five standards. 
4. The Multipoint forM generated by the EPAMP prograM. 
5. A quentitation report for~ for a ~elid blank. 
6. A labeled RIC for the instruMent blank. ' 
7. A coMpound list for ~he instruMent blank which also 

provides surrog~te infor~etion. 
8. Internal Standard Monitor for blank. 

- -
:·-



CONTINUNING CALIBRATION CHECK STANDARD 

FREQUENCY: 

A Cellb~atio" Che~~ St~nda~d s~ould be run i~~ed1ately after ~e 
£.:: .1.~ !'"IJe:-:e:. ·~f :~'!.-e ~l: ..,~ val1d ,.,uli.LPClr.t 011 the 
instruMent, then a ~al1brat.z.on Check Standa~d Must be run after a 
valid ,.,ultipoint has been obtained. A val1d Cal.z.bration Check 
Standard Must be cbta1ned before any saMples can be analyzed. 

NOMINAL CONCENTRATION: 

50 ug/1 
No aubstitution of standard concentration is allowed. 

CALIBRATION CHECK STANDARD PREPARATION: 

The Calibration Check Standard is prepared by injecting the 
following a,.,ounts of the pri,.,ary analytical standards into a 5 ,.,1 
gas tight syringe conta1ning 5 ,.,l of sparged, distill;d/deionized 
water. All voluMes are given in ul. 

STANDARD IO I 

036 
394 

1301 
1307 
1322 

STANDARD ANALYSIS: 

1856 

5.0 
5.0 
2.5 
2.5 
2.5 

The Calibration Check Standard is analyzed according to the 
procedure defined under the Five-Point Calibration. 

QUANT IT A TI ON : 

The Calibration Check Standard is quantitated according to the 
procedure defined under the Five-Point Calibration. 

CHECK STANDARD CALIBRATION FORM: 

The validity of the calibration check standard is checked using 
the EPAUP progra,., in the for,., 

EPA UP filena,.,e • l1nker 



where the appropriate l1nker for the analy!l5 15 used. Th1s 
progra~ sets the l1brary a~ounts correctly, updates the 11 table•, 
end pr1nt5 the cont1nuing cal1brat1on · forM. Th1s forM lists the 
percent d1fference in the response factors 1n the sh1ft standard 
end the response factors in the Multipo1nt. The Cal1brat1on C~eck 
Standard Must "eet all SPCC and CCC requireMents <below) _as 
e~~at!J5~ed by the E?A o~ a ~e~ f1ve-po1nt cal1brat1on "u't be 

•S1nce this prograM updates the 11 table, the appropr1ate l1n~er 
~ust be used. 

SPCC CRITERIA: 

The following co"pounds "ust have en average response factor 
greater than or equal t~ 0.300 in the Multipoint. 

Chloro~ethane 

1 .1-0ichloroethane 
BroMoforM (0.250 for Bro~ofor~ only> 
1.1 .2,2-Tetrachloroethane 
Chlorobenzene 

CCC CRITERIA: 

The following coMpounds Must have a percent RSO of less than or 
equal to 25% in the Multipoint • 

• 
"Vinyl Chloride 

1 .t-Oichloroethylene 
ChloroforM 
t .2-0ichloropropane 
Toluene 
Ethyl benzene 

• 
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25 ML CONTINUNING CHECK STANDARD 

Fi1EQUENCY: 

.:.. :·:- ·: •::.-':H•..u-.:;."":; Checl Stende,.d ~!'.:u!.: be run lMMed1at.ely after-
1he 5 ~1. S0 uQ/1 Cont1nun1r.g Cal1brat1on Check Standard. 

NOMINAL CONCENTRATION: 

!0 UQ/1 
No substitution of standar-d concentrat1on 1s allowed. 

25 ML CONTINUNING CHECK STANDARD PREPARATION: 

The 25 "l Continuning Check Standar-d is prepared by injecting the 
following aMounts of the pri~ary analytical standards into gas 
tight syringes conta1ning 25 ~~ of apar-ged, distill~d/deionized 
water. All volu~ea are given in ul. 

STANDARD ID I AMOUNT 

036 5.0 
394 5.0 

1301 2.5 
1307 2.5 
1322 2.5 

STANDARD ANALYSIS: 

The 25 ~1 Continuning Check Standard 15 analy:ed according to the 
procedure defined under- the Five-Point Calibration. 

QUANT IT A TI ON : 

The 25 ~1 Continuning Check Standard is quantitated according to 
the procedure defined under the Five-Point. 

UPDATING THE 25 "L CONTlNUNING CHECK STANDARD: 

lhe 25 ~1 Continuning Check Standard is updated by using the UPLIB 
progra~ to change the a~ounts in the librar1es to 10. This js 

done by following the pro~pts after- typing 

UPLIB E237 

: ~-
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and then going into the MO progra~. pag1ng through ell of the 
co~pound na~es, end typ1ng 

This ~ill update you~ respon!e list. 
~-!~-r~: ::~~==-~ ~=~~tor Qne type~ 

SAVSTO FILENAME,LIN~ER 

CONTENTS OF THE STANDARDS PAC~AGE: 

!n order to update the 

The co~plete standard package ~ust contain each of tne following • 

1. BFB tuning and ~ass calibration for~s. 
2. A Quantitatlon report for~ for tne Check Standard. 
3. A labeled RIC for the Calibration Check Standard. 
4. The Check Standard Ca1ibretion For~ generated by 

EPAUP. 
5. A Quatitation report for tne 25 ~1 Check Standard. 
6. A labeled RIC for the 25 ~1 Check Standard. 
7. A Quatitation report for~ for a valid blank. 
8. A labeled RIC for tne instru~ent blank. 
9. A co~pound list for the instru~ent blank which also 

provides surrogate infor~ation. 
10. Internal Standard Monitor for blank. 
11. Spectra of any hits in the blank. 
12. Searches of any extraneous peaks in the blank 

RIC: 
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25 ML INSTRUMENT BLANK 

FREQUENCY: 

A v~!id 45 ~1 t!a~' ~~~~ be ~:ta1ned to gc witn a valid BFB run; e 
":!~l:: .: ... !'=·· !.":~ .. ~=~-:.a:-,:~:: "'l , .... e:.t !t.a~dred. 

25 ML INSTRUMENT BLANK PREPARATION: 

A 25 ~1 instru~ent blank is ~re~ared by fillinQ ~as tight syr1nges 
w1th 25 ~ls of water. To this volu~e 5 ul of Internal Standard 
1036 and 5 ul of Surrogate 1394 are added. 

25 ML INSTRUMENT BLANK ANALYSIS: 

The 25 ML Instru~ent Blank is analyzed according to the procedure 
under Sa~ple Analysis. 

QUANT IT A TI ON : 

The 25 ~1 Instru~ent Blank Quantitaion is analyzed according to 
the procedure under Sa~ple Ouantitation. 

6ENERATION OF THE COMPOUND liST: 

The 25 fill Instru~ent Blank Co~pound list is generated following 
the procedure under Sa~ple Generation Of The Co~pound List. 

6ENERATION OF SPECTRA: 

The dual spectra end co~parative spectra of any co~pounds found 
can be generated by typing 

QLLGV 

liBRARY SEARCHES: 

The 25 fill Instru~ent Blank library Searches are generated 
follow1ng the procedure under SaMple Library Searches. 
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INSTRUMENT PROCEDURE: Reswell Lower Detection Limit Water 
Instrument Code 410 

Principle, Scope, Application: 

This method, which follows USEPA CLP Statement of Work 2/88, is applicable for 
the analysis of samples requiring Reswell EPA Region V lower detection limit 
method for volatile organic compounds by the purge and trap method using a 
Finnegan OWA GC/MS, column 08624 (30m.). All standards, blanks, samples and 
other required runs must be injected within twelve (12) hours of the time the 
valid BFB analysis was started. All injections must be recorded in the instru­
ment log including the date, time (using a military time), volume injected, 
operator I and any comments relevant to the injection. At the end of the tune 
unused run lines must be Xed out by the operator and the log page signed and 
dated by the operator. One copy of the log page should be placed in the log 
book and the other attached to the standard package for that tune. 

Parameters 

Refer to Attachment #1 for a list of target analytes, CAS #s, and quantitation 
limits. 

ORDER OF ANALYSIS: 
< 

BFB ---> Initial Calibration ---> BFB ---> Continuing Calibration ---> 
Instrument Blank ---> Samples 

1. BFB. -

All criteria must be met according to the requirements established by 
the EPA. GC/MS Tuning and Mass Calibration forms must be printed by 
the instrument. All relative abundance calculations are displayed 
according to the requirements of the 02/88 Organic Statement of Work 
with current revisions. 

Mass 

50 
75 
95 
96 

173 
174 
175 
176 
-177 

BFB KEY IONS AND ABUNDANCE CRITERIA 

Ion Abundance Criteria 

15.0 - 40.0 percent of base peak 
30.0 - 60.0 pereent of base peak 
base peak (100 percent relative abundance) 
5.0 ~ 9.0 of base peak 
< 2.0 percent of mass 174 
greater than 50 percent of the base peak 
5.0 - 9.0 percent of mass 174 
> 95.0 percent and < 101.00 of mass 174 
5.0 - 9.0 percent of mass 176 

_A-valid tune is defined as encompassing all injections made within 
-- ·twelve hours from the injection time of a valid BFB analysis. 



2. Continuing Calibration 
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If the instrument has an acceptable current Initial Calibration 
Standard for analysis code 410 and the calibration check standard 
meets all requirements then samples may be analyzed and quantitated 
against the calibration check standard. 

3. Initial Calibration. 

If there is no current Initial Calibration for analysis code 410 or if 
the calibration check standard fails to meet all SPCC and CCC require­
ments then a new 5 point calibration must be created. The 5 point 
calibration must meet all criteria established by the US EPA. Prior 
to the analysis of samples against the new Initial Calibration a con­
tinuing calibration check standard must be analyzed and all continuing 
calibration and system performance criteria must be met. 

4. Instrument Blank. 

A valid instrument blank must be obtainer prior to the analysis of any 
sample. For a definition of a valid instrument blank see the section 
on instrument blanks. 

5. Samples 

A 11 samples must be "injected under a valid BFB tune. Samples should 
normally be analyzed according to batch and due date. Sample spikes, 
blank spikes and any required QC will be treated as samples. For 
further information see the section on sample analysis and work-up. 



FIVE POINT CALIBRATION 

Frequency: 
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A five-point calibration must be performed if; 

1. There is no current calibration available for the instrument or, 
2. The continuing calibration standard fails to meet either 1) one or 

more of the Calibration Check Compound criteria or the 2) one or 
more System Performance Check Compound criteria as established by 
the US EPA. 

Nominal Concentration Values: 

The nominal concentration values and standard !D's for the five-point 
calibration are as follows. 

STANDARD ID 

1896 
1897 
1898 
1899 
1900 

STANDARDS PREPARATION: 

CONCENTRATION,(ug/1) 

5.0 
10.0 
20.0 
40.0 
60.0 

Standards are prepared for any given level by spiking the appropriate 
volume of each standard solution into a 10 ml gas tight syringe con­
taining 10 ml of sparged, distilled/deionized water. Another 10 ml 
syringe is filled with sparged distilled/deionized water at the time 
of standard preparation to be added to the purge vessel to bring the 
standard volume to 20 ml. All analytical standards are stored in 
mininert vials with a minimum of headspace in a four (4) degree C 
refrigerator used solely for the storage of analytical standards. 

5.0 ug/1 10.0 ug/1 20.0 ug/1 40.0 ug/1 60.0 ug/1 
STANDARD ID I 1896 1897 1898 1899 1900 

{ul) (ul) (ul} (ul) {ul) 

(IS) 036 (20 ug/1) 8.0 8.0 8.0 8.0 8.0 
(Surr)394 (20 ug/1) 8.0 8.0 8.0 8.0 8.0 

1301 1.0 2.0 4.0 8.0 12.0 
1307 1.0 2.0 4.0 8.0 12.0 
1322 1.0 2.0 4.0 8.0 12.0 
1303 0.5 1.0 1.5 2.0 2.5 

Standard vial 1303 contains acrolein and acrylonitrile. Due to the 
water soluble .nature of .these· compounds the concentration levels in 
the standard_~~e~25, so; 75~ 100 a~d 125 u~/1 respectively. 



.. 

Standard Analysis: 
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Immediately after the standards are prepared they are injected via-the 
Teflon stopcock on the liquid sampling device (either a Tekmar LSC xxx 
or an OI xxx). The syringe containing the standards is injected first 
and then the syringe containing the 10 ml of water injected to give a 
final purge volume of 20 ml. The standard is purged eleven (11) minu­
tes. Using the acquisition procedure AC the OWA prompts the operator\ 
for the sample description, the instrument number, the operator id 
number and any sample comments. The sample CompuChem number, EPA (or · 
client) case number, EPA (or client) sample ID number and instrument 
number are entered into the sample description field. The other 
fields are filled out as required. After the sample purge is 
completed and the GC is ready the sampling device is set to desorb, 
automatically starting the GC/MS acquisition. 

Quantitation: 
, 

Standards are quantitated using the OWA procedure RK invoking option 
2. The proper syntax is: 

RK <filename>#2,linkername 

where linkername is WLOL. All required analytes (see attachment I) 
for this analysis m~st be found in each standard level. In the event 
that (a) compound(s) is (are) not detected by the RK procedure (due to 
a change in retention time(s) the quantitation list must be manually 
corrected and the corrected quantitation reprinted including the F2 
(response factor) table. After creating a correct quantitation 
report, an updated 11-table must be created in order to properly quan­
titate any further standards, blanks or samples on that tune. 

Generating the Initial Calibration: 

After all five standards are acquired and processed the Initial 
Calibration is generated using the EPAMP procedure. The syntax for 
EPAMP is: 

EPAMP linkername 

where the linkername is WMDL. The program will prompt for the low, 
medium low, medium, medium high and high standard file names and . 
generate a report listing all response factors, average response fac­
tors and percent re·l ative standard deviation for each compound in 
tabular form. The operator is required to examine this report taking 
special care to note any compound with an excessively high percent 
RSD. If any corrections are made to any standard the EPAMP procedure 
must be_repeated. ·All compounds labeled as CCC or SPCC must pass with. 

. .. - " 

. :·· 
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the exception that the SPCC criteria for 1,1,2,2- tetrachloroethane and bromo­
form are waived for this analysis. If the criteria for SPCC and tCC compounds 
are not met, the individual standards will be reanalyzed or the instrument will 
be re-evaluated and repaired. The tune will then be performed again. All 
Initial Calibrations must be reviewed and approved by a Senior GC/MS operator or 
a Data Review Specialist. 

Definition of a Valid Initial Calibration: 

1. One valid injection for each of five standard concentrations. 
2. All standards acquired under a single valid tune. 
3. All compounds present in all five (5) standards. 

'- 4. All CCC criteria met. 
5. All SPCC criteria met. 
6. Initial Calibration reviewed and signed by a Senior Operator or 

Data review Specialist. 

SPCC Criteria: 

The following cJmpounds must have an average response factor greater 
than 0.300 in the Initial Calibration. 

Chloromethane 
1,1-Dichloroethane 
Chlorobenzene 

CCC Criteria: 

The following compounds must have a percent relative standard 
deviation {SRSD) of less than or equal to 30 in the Initial Calibration. 

Vinyl Chloride 
1,1-Dichloroethene 
Chloroform 
1,2-Dichloropropane 
Toluene 
Ethyl benzene 

Contents of the Initial Calibration Package: 

A complete Initial Calibration package must contain all the following: 

1. BFB tuning and mass calibration forms 
2. A quantitation report for each standard 
3. A labeled RIC for each standard 
4. The Initial Calibration form generated by the EPAMP procedure 



• 

Continuing Calibration Standard 

Frequency: 
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A Continuing Calibration Standard should be run immediately after the 
BFB analysis defining the start of a valid tune. A valid Continuing 
Calibration Standard must be obtained prior to the analysis of samples. 

Nominal Concentration: 

20 ug/l 
No substitution of standard level is allowed. 

Continuing Calibration Standard Preparation and analysis: 

The calibration check standard is prepared exactly as the 20 ug/1 
Initial Calibration standard. See above for details. 

Continuing Calibration Standard Requirements: 

The Continuing Calibration Standard must meet prescribed requirements for SPCC 
and CCC compounds. If the SPCC and CCC criteria are not met, the standard will 
be reanalyzed or the instrument re-evaluated and repaired. The tune will then 
be performed again. The procedure EPAUP prints a report clearly noting whether 
all SPCC and CCC criteria are passed as well as updating the response factors in 
the libraries and the retention times in the 11-table for sample analysis. For 
this analysis (code 410) the SPCC criteria for bromoform and 1,1,2,2 tetrach­
loroethane are waived. All SPCC compounds must have a response factor greater 
than 0.300 and the response factor for all CCC compounds must be within 25 per­
cent of the average response factor in the Initial Calibration. 
See above for a list of all SPCC and CCC compounds. 

Contents of the Standard Package: 

The complete standard package must contain the following: 

1. BFB tuning and mass calibration forms. 
2. A quantitation report form for the Continuing Calibration Standard. 
3. A labeled RIC for the Continuing Calibration Standard. 
4. A quantitation report for a valid blank. 
5. The Continuing Calibration Standard form produced by EPAUP. 
6. A labeled RIC for the instrument blank. 
7. A compound list for the instrument blank which provides surrogate information. 
8. Internal standard area monitor for the blank. 
9. Spectra for any hits in the blank. 

10. NBS library searches for any extraneous peaks in the blank. 



Instrument Blank 
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A valid instrument blank must be obtained after a valid tune is 
established with both BFB and a valid shift standard and prior to the 
analysis of samples. 

Instrument Blank Preparation: 

An instrument blank is prepared by adding 8 ul of internal standard 
(I0#036) and 8 ul of surrogate standard (I0#392) to a 10 ml gas tight 
syringe containing 10 ml of sparged distilled deionized water. A 

~ second 10 ml syringe containing water from the same source is prepared 
concurrently. The syringe containing the internal standards and 
surrogates is injected through the Teflon stopcock into the purge 
vessel on the liquid sampling device. The syringe containing plain 
water is injected immediately after the syringe containing the inter­
nal standards and surrogates. The blank is treated for all purposes 
as a sample after this point. (See sample section for quantitation 
and work-up procedures). 

Definition of a valid instrument blank: 

A valid instrument blank must be obtained prior to the analysis of any 
samples. All compounds except for the common laboratory contaminants 
(defined in the Statement of Work as methylene chloride, acetone, 
toluene and 2-butanone) must not be present at concentrations above 
the method detection limit. Contractually, common laboratory con­
taminates may be present at up to 5 times the method detection limit. 
CompuChem has found that under normal circumstances toluene and 
2-butanone should not be present above the method detection limit. In 
addition the CompuChem requirements for methylene chloride and acetone 
are as follows: If the first blank contains methylene chloride and 
acetone at greater than the detection limit run a second instrument 
blank. If the second blank contains methylene chloride and acetone at 
up to two (2) times the method detection limit and agrees closely with 
the first blank samples may be analyzed. Under unusual conditions the 
supervisor or their designee may allow concentrations of the common 
laboratory contaminates in the blank up to contractually allowed 
limits. 



Sample Preparation 

Sample Preparation: 
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Samples are provided to the laboratory in 40 ml vials with screw cap 
Teflon lines septa. Samples are prepared by gently pouring ten (10) 
mls of the sample into two separate 10 ml gas tight syringes from the 
40 ml screw top vial. Internal standards (standard 10# 036) and 
surrogates (standard 10#394) are added to one of the ten (10) ml 
syringes. Matrix spikes are prepared as regular samples and ten (10) 
ul of the matrix spike standard (standard 10# 1001) are added. As 
defined in the statement of work the matrix spike contains 
1,1-0ichloroethene, Trichloroethene, Benzene, Toluene and Chlorobenzene. 

Sample Analysis: 

Immediately after the sample is prepared, it is injected via a teflon 
stopcock into the purge vessel on the liquid sampling devtce and 
purged for eleven (11) minutes. During the purge time an-acquisition 
is set up on the OWA using the procedure AC. The AC procedure prompts 
the user for sample, instrument number, operator number, and any rele­
vant comments about the sample. At the Sample: prompt the operator 
enters the samples CompuChem number, the EPA case number, the EPA 
sample 10 number, the instrument 10 number and in the case of a sample 
spike the original CompuChem number. At the end of the purge time the 
liquid sampler is set to desorb and the acquisition is started on the OWA. 

Quantitation: 

The sample is quantitated using the automatic quantitation routine RK 
with the quantitation option two (2). This procedure produces a quan­
titation report with any found analyte values calculated against the 
response factor in the user libraries that was determined from the 
continuing calibration standard. This procedure also generates an RIC 
with the peaks corresponding to the internal standards and· surrogates 
labeled with 1S#x and Six where x is the internal standard or surro­
gate number. 

Generation of the Compound List: 

The compound list is generated by the procedure CLISTE. The CLISTE 
procedure prompts the user for the sample analysis code and the volume 
of sample purged and produces a report containing reportable values 
for any analytes present, detection limits, surrogate recoveries and 
reports if the surrogate recoveries are in the appropriate range. 
This procedure also generates scan and library lists for any analytes 
present. 



Generation of Spectra: 

~--~-~--
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The statement of work for this analysis requires that both raw and­
background subtracted (enhanced) spectra and a comparison of the 
en~anced spectrum with an authentic instrument generated library 
spectrum be generated for each analyte found by the quantitation 
report. The procedure QLLGV does this automatically. The procedure 
should be executed immediately after the completion of the CLISTE pro­
cedure. 

library Searches: 

The statement of Work for this analysis requires that all unidentified 
peaks in the RIC that are greater than ten (10) percent of the nearest 
internal standard (up to a maximum of ten (10)) be searched against the 
NBS library. This task is accomplished using the procedure UNKIOL. 
This procedure prompts the user for the EPA sample ID number, the EPA 
sample case number, the first scan of interest, and a sample correc­
tion factor. The procedure determines the pe2k(s) to be searched, 
generates the proper searches, calculates an estimated concentration 
for each peak, and prints a report containing the search results and 
estimated concentrations. 

It is the res pons i b 11ity of the operator to eva 1 uate the 1i brary 
searches to determine if any target analytes were found but were not 
present in the quantitation report. 
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(ALL UNITS ARE MICROGRAMS/LITER) 

CAS I 

ANALYTE QUANTITATION LIMIT 

Benezene 71-43-2 
Bromodichloromethane 75-27-4 LS 
Bromoform 75-25-2 1.:5 
Bromomethane 74-83-9 1.5 
Carbon Tetrachloride 56-23-5 1.5 
Chlorobenzene 108-30-7 1.5 
Chloroethane 75-00-3 1.5 

Chloroform 67-66-3 1.5 
Chloromethane 74-87-3 1.5 
Dibromochloromethane 12~-48-1 1.5 
1,1-Dichloroethane 75-34-3 1.5 
1,2-0ichloroethcne 107-06-2 1.5 
1,1-Dichloroethene 75-35-4 1.5 
Total -1,2-0ichloroethene 1.5 
1,2-0ichloropropane 78-87-5 1.5 
cis-1,3-0ichloropropene 10061-01-5 2.0 
trans-1,3-0ichlorop~opene 10061-02-6 1.0 
Ethyl Benzene 100-41-4 1.5 
Methylene Chloride (*) 75-09-2 1.0 
1,1,2,2-Tetrachloroethane 79-34-5 1.5 
Tetrachloroethene 127-18-4 1.5 
Toluene (*) 108-88-3 1.5 
1,1,1-Tetrachloroethane 71-55-6 1.5 
1,1,2-Tetrachloroethane 79-00-5 1.5 
Trichloroethene 70-01-6 1.5 
Vinyl Chloride 75-01-4 1.5 
Acrolein 107-02-8 25 
Acetone (*) 67-64-1 5.0 
Acryl onitri 1 e 107-13-1 25 
Carbon Disulfide 75-15-0 3.0 
2-Butanone (*) 78-93-3 5.0 
Vinyl Acetate 108-05-4 5.0 
4-Methyl-2-Pentanone 108-10-1 1.5 
2-Hexanone 519-78-6 5.0 
Styrene 100-42-5 1.0 
m-Xylene ** 108-38-3 1.5 
a-Xylene ** 95-47-6 1.5 
p-Xylene ** 106-42-3 1.5 

* Common Laboratory Solvent _ 
B 1 ank Limit is 5x Method Detection Limit - . .. . ... -_. ** the m-Xyl ene, o-Xyl ene and p-Xyl ene are reiiorted as -a tot a 1 of the three. 

,_/· 
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Documentation Form For: 

Revising or Creating Standard Operating Procedures (SOPs): Includtng Designated 
Personnel Responsi~ilit1es 

Revised Procedure v New Procedure ~ Procedure Attached ---
'110 :EPA LOL t,J,-fe'-' Vt~}.J.,I, 

Number 
lo-J-Y7 

Effective Date 

2/lo/ gf 
Date . 

o>-~i/;1 ate 

This procedure(s) meets the ~qufrement~ as set forth fn the following 
References for Approved Methods: 

u.S~A c~~-~- lAitww.. !er:y e,..,c•m J Sta kmfllrl f gf 4),~ Is 

These procedures describe how tasks are performed in this specific area. 
If a question arises concerning the proper procedure to follow for an activity 
in this area, these SOPs should be consulted to resolve the question. Also, 
these SOPs are a valuable source of material for training purposes. 

After the manager of this area believes the person responsible for these 
tasks has mastered these SOPs, both the manager and the employee should sign and 
date this form, assuring that these SOPs are understood and wi 11 be fol lo~1ed in 
the daily operations of CompuChem Laboratories. Please forward a copy of this 
revised or created SOP and a completed form to Quality Assurance. 

Employee's name: ___________________________ Date:---------

Employee's title: 
------------------------~-

Employee's name: Date: --------------------------- ---------
Employee's title: ---------------------------
Manager's name: .·aate: ---------------------------- -----~---
Manager's title: 
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Sample Preparation Procedure 3.2.1.6: (-89) Semi-Volatile Water Lower Detection 
Limit ( LDL) 

1.0 Summary of Method 

A measured volume of water, approximately one liter, is solvent extracted 
with methylene chloride at a pH of greater than 11 and again at a pH of 
less than 2, using a separatory funnel or a continous extractor. The 
separate extracts are dried ana concentrated to 0.5 ml. 

2.0 Reagents ~ 

2.1 50% Sadium Hydroxfde - Only the extracted solutions may be used. 

2.2 50% Sulfuric Acid -Only the extracted solutions may be used. 

2.3 Methylene Chloride - A 60 m1 tipet dispenser filled with pesticide grade 
methylene chloride is 1ccatec at the low 1eve1 liquid SV station. When 
refilling the tipet, do not lay the dis~enser top on the counter, doing so 
may contaminate the tipet and subsequent samples. 

2.4 Sodium Sulfate - Use only sodium sulfate labe1ed "FURNACED SODIUM SULFATE ... 

3.0 Su~rogate and Spikes 

3.1 Surrogate #393 add ioo u1 to each sample and sample spikes. 
B/N spike 12021 add 100 ul to each sample spike and blank spike. 
Acid spike #3012 add 100 ul to each sample spike and blank spike. 

4.0 · Preparation of Equipment 

4.1 Cover all work area with plastic-backed, absorbent table covering, with 
the plastic side down. 

4.2 Assemble the following for each sample to be processed: 

a. One 2-liter separatory funnel with a ground-glass stopper and stopcock. 
b. Two 250 ml Erlenmeyer flasks. 
c. Two drying columns. 
d. Two K-D apparatus (consists of a concentrator tube and a K-0 flask). 

Only one 1s needed immediately. The second can be prepared after 
sam~1e processing has been started. 
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e. One glass stirring rod (can be used for all samples). 
f. Two 3-ball Snycer columns. 

Rinse each of the items listed above (except the drying column) with methy­
lene chloride (use the Teflon SGueeze bottles). Empty the methylene 
chloride into a waste container. This practice is intended to prevent 
sample contamination. Please adhere to this practice. If the glassware 
selected for use is wet, ft must be rinsed with acetone prior to the methy­
lene chloride rinses. Several additional methylene chloride rinses should 
be performed to remove all possible contaminants contained 1n the acetone •. 

• .._,_4.4 Add a small plug of glass wool to each drying column. then add 1-2 inches of 
prepared sodium sulfate to each drying column. Rinse the sodium sulfate 
with approximately 20 ml of methylene chloride for each rinse. A11ow the 
methylene chloride to drain through the column into a waste container. 

.. 

4.5 Piace the 2-liter, separatory funnel in the rings located on one side of 
the rack, and place the Erlenmeyer flask on the counter top under each fun­
nel. Place the drying column and K-0 apparatus 1n the clamp on the other 
side of the rack, such that the tip of each prepared drying column is 
inside the neck of a K-0 fiask • 

5.0 Other Materials Needed 

5.1 Boiling Chips (Carborundum chips that have been soxhlet extracted with 
methylene chloride) 

5.2 Rubber Bands 

5.~ Nitrogen evaporation device 

5.4 One 1-liter bottle 

5.5 pH paper 

5.6 G1ass wool 

5.7 Micropippet (100 u1 capacity) 



5.8 Two 2 ml vials with ieflon-1ined screw caps 

6.0 Sampla Precaration ~ Extraction 
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6.1 Use 1-liter of raw sample. Place it on the counter 1n front of the asso­
ciated separatory funnels. Mark the level of the 11qu1d on the bottle if 
the volume 1s less than a liter of sample, as this will allow measurement 
of the 1nitiai volume later. If any samples are contained 1n gallon or 
half-gallon bottles, prepare a liter bottle or liter graduated cylinder for 
measuring by rinsing with methylene chloride. Fill a liter bottle with 
sample from the gallon or half-gallon bottle. Pour the sample into the 
associated separatory funnels. Save the sample bottles and return to 
sample custodian. 

6.2 Using a micropipet, add 100 ul of surrogate standa~d #393 to each s~~ple. 
It is important to add exactly 100 ul to the entire 11ter of sample, 
including the sample spikes. Surrogate recoveries are used to judge the 
efficiency of the extraction. Record the surrogate IO numbe~. lot number, 
and volume added, on the E~tractions 1 Worksheet. 

6.3 Add 100 ul each of acid spike #3012 and base-neutral spike #2021 to any 
sample spikes or blank spikes included in the batch. Record the standard 
IO numbers, lot numbers, and volume added, on the Extractions 1 Worksheet. 

6.4 Measure the initial pH, using wide-range pH paper. 

6.5 Add 5 mi of 50% sodium hydroxide. Stopper the separatory funnel and shake 
for 20-30 seconds, venting the stopcock several times. Check the pH. If 
the value is 11 or greater, note the pH on the extraction worksheet. If 
the pH is not 11 or greater, continue to add 1 ml at a time of base, and 
shake until the pH has reached a value of 11 or greater. The samp1e is now 
ready for the base-neutrai extraction. 

6.6 Add 60 m1 methylene chloride to each raw sample bottle or sample container. 
Rotate the containers to rinse all surfaces w1th the solvent and pour the 
methylene chloride into the appropriate 2-liter separatory funne1. Stopper 
each funnel and shake vigorously for 2 minutes. Be careful to vent the 
stopcock frequently, until the pressure equalizes. 

6.7 Allow each separatory funnel to hang undisturbed for approximately 10 minu­
tes, to allow the layers to separate. If an emulsion larger than two 
thirds the size of the bottom layer (methylene chloride) forms, steps must 
be taken to break it up. Emulsions may be broken by stirr1"9• passing 
through the stopcock very slowly, or centrifugation. The method used is 
determined by the severity of the emulsion. 

: . . 

. ... 

- - -
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6.8 When two disttnct layers are obtained, drain the lower layer (methylene 
chloride) into the Erlenmeyer flask. Close the stopcock when the water 
layer reaches the stopcock. The object is to collect all the methylene 
ch1orice and none of the watet. 

_ 6.9 Repeat Steps 6 thru 8 two more times, adding the methylene chloride 
directly to the separatory funnel. 

6.10 Upon completion of the third extraction, pour the total extract through the 
dry1ng column into the K-D apparatus. Rinse the Erlenmeyer flask with a 
small amount of methylene chloride and add the rinse to the drying column •. 
Rinse the drying column with approximately 20 ml of methylene chloride and 

~ collect the rinse in the K-D apparatus. 

NOTE: If recovery of the methylene chloride phase is less than 80%, see 
Sample Problem Techniques. (SPL #1.9.) 

6.11 Remove the K-0 apparatus containing the base-neutral extract. Replace it 
with the K·D set prepared for the acid extract and a new drying column con­
taining sodium sulfate. The base-neutra1 extract is now ready for con­
centration. (See Extract Concentration Section F, below.) 

6.12 Slowly add 10 ml of 50~ s~lfuric ac1d to each separatory funnel. Stopper 
the separatory funnel and snake 20-30 seconds, venting the stopcock several 
times. Check the pH. If the value is now 2 or less, note the pH on the 
Extractions• worksheet. If the pH is not 2, continue to add 10 ml volumes 
of acid. Shake and measure the pH until a value of 2 or less is reached. 

6.13 Once a pH of 2 or less has been reached, the sample is ready for the acid 
'-....--- extraction. Perform Steps 6 thru 10, then Step 11. 

6.14 Fill all sample bottles to mark with tap water. Use a 1000 ml graduated 
cylinder to measure the volume, and record the initial volume on the 
Extractions' Worksheet. 

7.0 Extract Concentration 

7.1. Add 1 or more boiling chips to each K-0 flask and attach a Snyder column. 
Add 1-2 ml methylene chlor1de to the top of the Snyder column. 

7.2. Place the K-D apparatus· on a water bath set at B5°C or warmer to a1low for 
a 10-15 minute concentration process. 

·--
.. 

~ -. 
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7.3 Eacn K-0 flask is removed from the bath as soon as an apparent volume of 4 
ml is reached. Remove from bath and allow to drain. Remove the snyder 
column and K-0 flask from the concentrator tube, rinsing the tip of the K·O 
flask with a minimal amount of methylene chloride and remember to label the 

~ concentrator tubes with the proper label. 

7.4 Nitrogen blowdown technique- Place the concentrator tube 1n a wa~ water 
bath (35°C) and evaporate the solvent volume to 0.5 ml using a gentle : 
stream of clean, dry nitrogen (filtered through a column of activated , 
carbon). The internal wall of the tube must be rinsed down several ti~es 
with hexane during the ooeration and the final volume brought to Q.S ml. 
During evaporation the extract must never be allowed to become dry. 

7.5 Final concentration volume should be 0.5 ml. 

NOTE: If sample cannot be concentrated down to 0.5 ml, see section on 
final volume. 

7.6 Transfer the entire extract volume to a clear, 2 ml autosampler vial. 
Label the vial appropriately to i11dicate fraction type (blue to indicate 
base-neutral fraction and yellow to indicate acid fraction), prep code, 
CompuChem number, and completion date. At the time of transfer, note the 
final volume on the Extractions• Worksheet. 

7.7 Complete paperwork and mark volume on vials and forward both to the person 
responsible far checking in paperwork. 

i.B Place paperwork and extracts in turn-in box. 

8.0 Cleanup 

a.l Remove all of the water from each separatory funnel and place it in a 
labeled water-waste container. 

8.2 Pour all waste solvent into the appropriate container. 

8.3 Roll up all absorbent counter covers and place them in the trash can. 
Return any remaining sample and empty sample bottles to the sample cart. 
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Documentation Fo~ For; 

___ Rev 1 sed Procedure £ Ne~ Prccsdure / Procedure Attached 

Pro5P~r; 1:1~. LR~1 S~i~eJ-iJmt~r- / l.Ja k,-: 

This procedure(s) meets the reQuirements as s£t forth in the following 
References for Approved Methods: 

F : IJS cPA Con h,f. Lxbr,m~ f"'na..., 1 :)_,.J.t, o. f of 4Jad 

be t1qaat',s A11a ~sis J i'f"'f.J; .. NftJ,·a, Afu. U;- Cm<enhMh.MJ 
I d-jJJ • ~ 5" Stt5 
These procedures describe how tasks are performed 1n this specific area • 

. · If a question arises concerning the proper procedure to follow for an activity 
1n this area. these SOPs should be consulted to. resolve the question. Also, 

·· these SOPs are a valuable source of material for training purposes. 

After the manager of this area believes the person responsible for thase 
tasks has mastered these SOPs, both the manager and the employee should sign and 
date th1s form, assuring that these SOPs are understood and wi11 be followed in 
the daily operations of CompuChem Laboratories. Please forward a copy of this 

.revised ~r created SOP and a completed fonm to Quality Assurance. 

Date: -------------------------- ----------Employee's name: 

Emp 1 oyee ··s tit 1 e: ------------------­

Employee's name: -------------Date: -----
Employee's title: 

Manager's name: ---------------~~--~Date:----------
Manager's title: 
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GC/MS Extractables; LiQuid/LDL • (Res. Well) 

Instrument Procedure 417 

ANALYTICAL COLUMN 

DB-5 30 m X 0.32 mm, 1 urn df 

GAS CHROMATOGRAPHIC CONDITIONS 

Carrier Gas: Helium 
Inj. Port Temp: 250 CC 

Initial Temp: 35°C 
Initial Time: 2 min. 

Split Flow: 30 ml/min Split/Sweep 
Sweep Flow: 6 ml/min. 

INTERFACE 

Type: Direct Insertion 
Interface Temp:. 29SOC 

Solvent Oiverter Time: N/A 

MASS SPECTROMETER CONDITIONS 

Spl1tness 
GC Mode: Capillary 

Flow Rate: 20-30 em/sec 
Interface Temp: 295°C 

Final Temp: 3l0°C 
Final Ho1d: 45 min. 

Actuation Time: 60 sec. 

Manifold Temp: SQOC First Mass: 41 
Filament/Multiplier Actuation Time: 120 sec. Final Mass: 475 

Scan Speed: 0.96 

TUNING AND CALIBRATION 

Tuning Compound: PFTBA 
Tuning Sensitivity: <300,000 area counts 

dlO-phenathrene 
Calibration Compound: OFTPP 

Standard Identification: f: 7050 
CalibY"ation Criteda: Attached Form VII 

Calibration Frequency: Every twelve (12) hours 

ANALYTICAL STANDARD 

Identification 1: 2393, 2394, 2395, 2396, 23S7 
.>_ ... Freque.f1CY of Analysis:- Every twelve (12) hours 
-~-· . . - .. :. . -. . .. . 

.. =-.-
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SAMPLE !OE~TIFICATION 

Preparation Cede: 
Inte~na1 S~andard !0: 

Label: 

~NJECiiON PROCEDURE 

-89 
035 

Prep Code, Date Blue 
Ye11ow, Prep Code, Date 
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Surrogate 101: 393 
V1al Size: 2.0 ml 

Storage: 4oc 

4 inch needle Hamilton 10 ul syringe. 1.0 ul + 0.5 ul methylene ch1oride 
wash. "Cold Needle". 

CHROMATOGRAPHIC MAINTENANCE 
~ .. ·. 

7 . Benzidine response factor of .05 or greater. 
! PCP response factor of 05. or greater. 
!· .. 

"'·"" ;~j· .· 
,: ·· MISCELLANEOUS 

.>f; Quantification Method: 
· ... · ~ · Quantificat1 on Method Name: 

Library Entry 
SEMIL 

' . Worksheet: 
Compound L1 s t: 

Semiwarkl, Semiwork.2, Semiwork3 
491 

· ..... Library Names: Rl-R7 
File Naming Conventions: XX123456X78 Instrument t 

• • .. 1 

~; .. -:.:·.~ . ~ 
...J<I' .. -4 •• - -~ ·- •• : : ··-

-

... '!::-:".--·. : ... -~:,.;=:·:~;-.: ~: : ·. ~-~--.:~ .- ·-...: ~-.··~.:.."";"";:""""~~ ... -:·-~-~ 
~- .~·: :Analysis Type Pref1 xes <~f~1 
-- ._,1~~--~--- ---···----' :-~·-~.:::.....:--......... ... : .. .:.~J 
.~--~~-.:: -~-:~-.>·~ . .--~,. calfbration File!·~ OH 
~·-.~·~~: ·~p~·:-., ·_,':-:~~~;~standard::-~ HG 
·~ ~:;:-··- Initial Sample Inject1on: ·· GH 

. -·; 

_Sample Reinjection: GJ 
- · Sample Reextraction: : GR 

Sar:nple Dilution: GO 

Shift 

:. - --

-- .. :: . 
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Sample Preparation Procedure 3.2.2.14: (- 090) Lower Detection Limit (LDL) 
Protocols for Water; Sample 
Preparation for Pesticides/PCBs 

1.0 Summary of Method 

2.0 

A measured volume of sample, approximately one liter, is solvent extracted 
with methylene chloride using a separatory funnel or a continuous extractor 
The methylene chloride extract is dried, exchanged to hexane, and adjusted 
to a final volume of 5.0 ml. Optional cleanup techniques are included. 

Inteferences 

2.1 Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware that lead to discrete 
artifacts and/or elevated baselines in gas chromatograms. All of these 
materials must be routinely demonstrated to be free from interferences 
under the conditions of the analysis by running laboratory reagent blanks. 
Interferences by phthalate esters can pose a major problem in pesticide 
analysis when using the electron capture detector. These compounds 
generally appear in the chromatogram as broad eluting peaks. Common 
flexible plastics contain varying amounts of phthalates. These phthalates 
are easily extracted or leached from such materials during laboratory 
operations. Cross-contamination of clean glassware routinely occurs when 
plastics are haAdled. Interferences from phthalates can best be minimized 
by avoiding the use of plastics in the laboratory. Exhaustive cleanup of 
reagents and glassware may be required to eliminate background~hthalate 
contamination. 

2.2 Matrix interferences may be caused by contaminants that are coextracted from 
the sample. The extent of matrix interferences will vary considerably from 
source to source, depending upon the nature and diversity of the site being 
sampled. The alumina column cleanup procedures must be used to overcome 
such interferences to attempt to achieve the MDLs. 

3.0 Apparatus and Materials 

3.1 Glassware 

3.1.1 Separatory funnel - 2000 ml with Teflon stopcock. 

3.1.2 Drying column - Chromatographic column approximately 400 mm long x 19 
mm ID, with coarse frit. (Substitution of a small pad of disposable 
Pyrex glass wool for the frit will help prevent cross-contamination of 
sample extracts.) 



• • 

Section No. 3.2.2.14 
Revision No. 0 
Date: October 28, 1988 
Page 2 of 5 

3.1.3 Concentrator tube- Kuderna-Danish, 10 ml, graduated (Kontes 
K-570050-1025 or equivalent). Ground glass stopper may oe used to 
prevent evaporation of extracts. 

3.1.4 Evaporative flask - Kuderna-Oanish, 500 ml (Kontes K-5700010500 or 
equivalent). Attach to concentrator tube with springs or rubber 
bands. 

3.1.5 Snyder column - Kuderna-Danish, Three-ball macro (Kontes 
K-503000-0121 or equivalent). 

·'-- 3.1.6 Cont~nuous liquid-liquid extractors - Equipped with Teflon or glass 
connecting joints and stopcocks requiring no lubrication. 
(Hershberg-Wolf Extractor-Ace Glass Company, Vineland, NJ P/N 
6841-10 or equivalent). 

~ 

3.1.7 Vials-Amber glass 1 to 2 ml capacity, with Telfon-lined screw cap. 

3.1.8 Chroi~atographic column for alumina - 8 ml (200 mm x 8 mm 10) 
Polypropylene column (Kontes K-420160 or equivalent) or 6 ml (150 mm 
x 8 mm 10) glass column (Kontes K-420155 or equivalent), or 5 ml 
serological pipets plugged with a small piece of Pyrex glass wool in 
the tip. The Kontes columns may be plugged with Pyrex glass wool or 
a polyethylene porous disk (Kontes K-420162). 

3.2 Pyrex glass wool - pre-rinse glass wool with appropriate solvents to ensure 
its cleanliness. 

3.3 Silicon carbide boiling chips -Approximately 10/40 mesh. Heat to 400°C 
for 30 minutes or Soxhlet extract with methylene chloride. 

3.4 Water bath - Heated with concentric ring cover, capable of temperature 
control (~ 2°C). The bath should be used in a hood. 

3.5 Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35-40°C. The N-Evap by Organomation Associates, Inc. South 
Berlin, MA (or equivalent) is suitable. 

4.0 Reagents 

4.1 Reagent water - Reagent water is defined as a water in which an interferent 
is not observed at the MDL of each parameter of interest. Reagent water 
should be pre-extracted with methylene chloride. Using a 6 liter flask add 
60 ml methylene chloride to deionized water and place a stir bar into flask 
and place on stirrer. Allow deionized water to extract for approximately 
20 minutes. · 
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4.2 Acetone, hexane, methylene chloride -Pesticide quality or eq~ivalent. 

4.3 Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 400°C for 
4 hours in a shallow tray. 

4.4 Alumina- Neutral, Super I Woelm or equivalent. Prepare activity III by 
adding 7% (v/w) reagent water to the Super I neutral alumina. Tu11ble or 
shake in a wrist action shaker for a minimum of 2 hours or preferi~ly 
overnight. There should be no lumps present. Store in a tightly-sealed 
glass container. · 

4.5 Sodium hydroxide solution (10N)-(ACS). Dissolve 40g NaOH in reagent water 
and dilute to 100 ml. 

4.6 Sulfuric acid solution (1+1)-(ACS). Slowly, add 50 ml H2S04 (sp. gr. 1.84) 
to 50 ml of reagent water. 

4.7 Pesticide/PCB surrogate standard spiking solution. Solution #395 

4.7.1 The compound specified is dibutyl chlorendate. The solution is at a 
concentration of 1 ug/1.0 ml in methanol. 

4.8 Pesticide/PCB Matrix Standard Spiking Solution. 

4.8.1 The spiKing solution in methanol contains the following pesticides 
in the concentrations specified. 

Pesticide 
lindane 
heptachlor 
aldrin 
dieldrin 
endrin 
4,4'DDT 

ug/1.0 ml 
2.0 
2.0 
2.0 
5.0 
5.0 
5.0 

4.9 Sample Extraction - Separatory Funnel. 

5.0 Using a 1-liter graduated cylinder, measure out a 1-liter sample aliquot 
and place it into a 2-liter separatory funnel. Pipette 0.5 mL #395 
surrogate standard spiking solution into the separatory funnel and mix 
well. Check the pH of the sample with wide range pH paper and adjust to 
between 5 and 9 pH with 10N sodium hydroxide and/or 1:1 sulfuric acid 
solution. 
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Note: Recovery of dibutylchlorendate w.ill be low if pH is outside_this range. 

5.1 For duplicate sample spikes follow 5.0 using one original sample. Add 50 
ul of #4016 Pesticide Spiking Solution. Use 1000 ml sample volume for each 
duplicate sample spike. 

5.2 Add 60 ml methylene chloride to the separatory funnel and extract the 
sample by shaking the funnel for two minutes with periodic venting to 
release excess pressure. Allow the organic layer to separate from the 
water phase for a minimum of 10 minutes. If the emulsion interface 
between layers is more than one-third the volume of the solvent layer, 
the analyst must employ mechanical techniques to complete the phase 
separation. Tne optimum technique depends upon the sample, and may 
include: stirring, filtration of the emulsion through glass wool, 
centrifugation, or other physical means. Orai~ methylene chloride into a 
250 ml Erlenmeyer flask. 

5.3 Add a second 60 ml volume methylene chloride to the sample bottle and 
repeat the extraction procedure a ~~cond time, combining the extracts in 
the Erlenmeyer flask. Perform a third extraction in the same manner. 

5.4 Assemble a Kuderna-Danish (K-0) concentrator by attaching a 10 ml 
concentrator tube to a 500 ml evaporative flask • 

• 5.5 Pour the combined extract through a drying column containing about 10 em of 
anhydrous sodium sulfate, and collect the extract in the K-0 concentrator. 
Rinse the Erlenmeyer flask and column with 20 to 30 ml of methylene 
chloride to complete the quantitative transfer. 

5.6 Add one or two clean boiling chips to the evaporative flask and attach a 
three-ball Snyder column. Pre-wet the Snyder column by adding about 1 ml 
methylene chloride to the top. Place the K-0 apparatus on a hot water bath 
{80 to 90°C) so that the concentrator tube is partially immersed in the hot 
water and the entire lower rounded surface of the flask is bathed with hot 
vapor. Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 10 to 15 minutes. 
At the proper rate of distillation, the balls of the column will actively 
chatter but the chambers will not flood with condensed solvent. When the 
apparent volume of liquid reaches 1 ml, remove the K-0 apparatus. Allow 
it to drain and cool for it least 10 minutes. 

5.7 Momentarily remove the Snyder column, add 60 ml of hexane and a new boiling 
chip and re-attach the Snyder column. Pre-wet the column by adding about 1 
ml of hexane to the top. Concentrate the solvent extract as before~ When 
the apparent volume of liquid reaches 1 ml, remove the K-0 apparatus and 
allow it to drain and cool at least 10 minutes. 

5.8 Remove the Snyder column, rinse the flask and its lower joint into the 
concentrator tube with 1 to 2 ml of hexane. 
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5.9 Nitrogen blowdown technique- Place the concentrator tube in· a warm water 
bath (35°C) and evaporate the solvent volume to 0.5 ml using I gentle 
stream of clean, dry nitrogen (filtered through a column of activated 
carbon). The internal wall of the tube must be rinsed down several times 
with hexane during the operation and the final volume brought to 0.5 ml. 
During evaporation the extract must never be allowed to become dry. 

5.10 Dilute the extract to 1 ml with acetone and proceed to the Alumina Column 
Cleanup. 

6.0 Alumina Column Cleanup 

6.1 Add 3 gm of activity III neutral alumina to the 10 ml chromatographic 
column. Tap the column to settle the alumina. Do not pre-wet the alumina. 

6.2 Transfer the 1 ml of hexane/acetone extract to the tap of the alumina using 
a disposable Pasteur pipet. Collect the eluate in a,clean 10 ml 
concentrator tube. 

6.3 Add 1 ml of hexane to the original extract concentrator tube to rinse it. 
Transfer the rinsing to the alumina column. Elute the column with an 
additional 9 ml of hexane. Do not allow the column to go dry during the 
addition and elution of the sample. 

6.4 Concentrate the extract to a final volume of 5.0 ml using hexane. Transfer 
extract to amber, crimp-cap vials and along with accurately completed paper 
work, turn in to the GC lab for analysis. 
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Revising or Creating Standard Operating Procedures (SOPs): Including Designated 
Personnel Responsibilities 

Revised Procedure ./ •ew Procedure --- ~ Procedure Attached 

Jo-Z?-67 
Effective Date 

,~Jl-vfr; 
FDa e 

ttJ/zaJJA 

This procedure(s) meets the requirements as set forth in the following 
References for Approved Methods: 

These procedures describe now tasks are performed in this specific area. 
If a question arises concerning the proper procedure to follow for an activity 
in this area, these SOPs should be consulted to resolve the question. Also, 
these SOPs are a valuable source of material for training purposes. 

After the manager of this area believes the person responsible for these 
tasks has mastered these SOPs, both the manager and the employee should sign and 
date this form, assuring that these SOPs are understood and will be followed in 
the daily operations of CompuChem Laboratories. Please forward a copy of this 
revised or created SOP and a completed form to Quality Assurance. 

Employee's name: Date: --------------- -------
Employee's title:--------------

Employee's name: 

Employee's tit.le: ----~-----------
Manager's name: --------------- Date: -------
Manager's title: 



SAMPLES 

SaMples are provided to the Iabo~atory in 40 Ml vials with screw 
cap teflon-lined septa. SaMples a~e prepa~ed by gently pouring 25 
~Is of the saMple into gas tight syringes fro~ the 40 Ml vial. To 
this voluMe of the saMple. are inJected 5 ul of Internal Stend~rd 
*~35 ~~= = u~ of su~~o~~te •?-~~. S~Mple spi~es and blank spike~ 

~~~~ reQu1•e the ~=~1t~~" cf 10 ul of :1001 wh1ch contains 
1 ,1-01ch1oroetnylene, Tr1chloroethylene, Benzene, Toluene and 
Chlorobenzene. 

SAMPLE ANALYSIS: 

IMMediately after the saMple 1s prepa~ed, it is inJected vie the 
teflon stopcock on the TekMar into the purge vessel and purged for 
twelve <12) Minutes. The saMple is analyzed using the AC prograM 
in the forM 

AC filenaMe a nuMber of scans to acquire 

Ne~t enter the appropriate inforMation for saMple description, 
including instru~nt IO and the op~rator IO <as proMpted by the 
prograM). When the inforMation has been entered end the 
instruMent is ready, the TekMar is switched to the desorb position 
and the saMple will be introduced onto the head of the coluMn. 
The data acquisition will continue unsupervised until the 
designated nuMber of scans has been acquired. 

QUANTITATION: 

• The saMple is quantitated using the RK prograM with option 2. The 
R~ procedure allows indlvidual coMpounds to be Quantitated using 
the calibration check standard for the particular analysis. The 
RK procedure is initiated by typing the coMMand in the forM 

RK filenaMe 12, linker 

using the linker appropriate for the type of analysis. If any 
internal standards. surrogates or other coMpounds are not found 
they can be found by using the UPQUAN prograM in the forM 

UPQUAN LIBRARY ID I LIBRARY ENTRY 

for each coMpound not found. If any internal standard Must be 
UPQUANed then all coMpounds which reference that internal standard 
~ust also be UPQUANed to insure that the aMounts reported for 
those coMpounds will be accurate. If any coMpounds ere UPQAUNed 
the Quantitation list Must be sorted. This can be aeeo~plished by 
using the EQL prograM in the for~ 

and deleting any 
Quantitat1on list 

EQL filenaMe • filenaMe 

duplicate entri~s _as necessary •. When the 
has been edited, the Quentitation Jist can be 
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~orted using the QSORT progra~ in the forM 

QSORT f i lena~e • ·1 inker 

using the linker appropriate for the type of analysis. The 
Quantltation l1st can be reprinted using the MQ progra~ in the 
fer,.. 

MQ filena~e tF2;H;E 

which w1ll print the coMpound list and the F~ table. 

GENERATION OF THE COMPOUND LIST: 

The co~pound list can be generated by using the CLISTE prograM in 
the forl'l 

CLISTE filena~e , linker 

with the ap~ropriate linker for the type of analysis. The progra~ 
will ~rol'lpt the operator to enter the appropriete co~pound list 
nul'lber and the volu~e of the sa~ple purged. 

GENERATION OF SPECTRA: 

The dual spectra and co~parative spectra of any co~pounds found 
can be generated by si~ply typing QLLGV. 

LIBRARY SEARCHES: 

If there are any peaks in the RIC that do not correspond to 
entr1es in the COI'Ipound list and ere greater than or eQual to 10% 
of the height of the closest internal standard. then e library 
search !'lust be perfor~ed. This is accoMplished by the UNKIOL 
~rogra~ in the for~ 

UNKIOL filena~e , linker ,# nu~ber of searches 

using the appro~riete linker and nu~ber of searched reQuired by 
the analysis. The progra~ will prol'lpt the user for EPA nu~ber, 
the first seen of interest, the lest scan of interest, end the 
correction factor <this can be found on the last page of the 
co~pound list>. Library searches ~ust be evaluated to see if any 
priority ~ollutents were found that ere not present in the 
Quantttation report. 

£VALUATION OF OATA: 

For blanks. se~g1cs, saMple spikes, and blank spikes all 
surrogate5 !'lust fall within the specified control lil'lits. In 
addition. all internal standards !'lust pass the criteria of the 
Internal Standard Area Monitor. Any sa~ples that fail the above 
criteria ~ust be reprepared and reiryjected. If ~ultiple sa~ples 
fail :these criteria the problel'l should be corrected before any 
furthe~ sa~ples ere analyzed. In addition, the Quantitated values 



for any coMpounds found 1n a d1luted sa~ple ~ust fall w1th1n the 
range fro~ 20 40 ug/l, or be analyzed aga1n at a s~aller 

dilution Cor neat). Any saMple with co~pounds outs1de this range 
that has not been analyzed using :s Ml ~ust be diluted accordingly 
and reinjected. 

:~ --
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Instrul'll!nt Procedure: l~er Oetect1on Limit;· Water; Pestici de/PCB 
Ana lysis (Res We 11) Instrunent Code No. 152 

This analysis can be done on different packed or megabore capillary columns with 
two different instrurrent conditions. The safTl)le rust be run on one of"the 
colurm types, and if pesticides or PCBs are indicated, confirned on tlie other 
type of colurm. 

Section I. Instrument Conditions 
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The Pesticide/Pea library is generated for every sequence by the analysis of the 
retention tines and areas of the peaks in the· fu 11 set of standards. This 
analysis is done with the help of the computer program EPACK. In addition to 
generating a library, EPACK also calculates the percent difference of each of 
the check standards run during the course of the sequence. This program can be 
run by any properly trained technician or analyst. -

S urT oga tes 
oibutylchlorendate 
Recovery must be greater than 25: for acceptance 

S~kes 
T nonrB 1 spiking solution contains the following co~a.ulds and must neet the 
following recovery criteria: 

CorrDound 
Gamna BHC 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
PP' DDT 

Level 
0 .o 1 ug,inl 
0.01 ugftnl 
0 .o 1 ug,in1 
0 .025 ugfinl 
0.025 ugAnl 
0.025 ugftnl 

Recovery Ranoe Water 
56 - 123 
40 - 131 
40 - 120 
52 -,126 
56 -,121 
38 - 127 

Sarrple spike recoveries may not be available due to dilution of the SalllJle due 
to compounds in the matrix other than the spike (pesticide or non-pesticide). 
If recoveries are available, they must meet the current recovery and duplicate 
criteria. If sample spike recoveries are not available, blank spike data will 
be used to demonstrate extraction and analytical control. 

Standard Levels 
The normal standards contain the following pesticides and Aroclors at the 
following levels. The detection level for water is based on a SaTT1Jle amunt of 
one liter and an extract amunt of 5 mls. Any dilution or smaller sa111J le a~rount 
will raise the detection level. 

Table 1. Standard arrnunts and norma 1 detection levels. 
Standard 4360 Level In Standards 

CortD au rid 4360/ 4364 

Gamna BHC 
Heptachlor 
Aldrin 
Ganma Chlordane 
Endosulfan I 
Dieldrin 
Endosulfan II 
PP' OOT 

0.01 ug.Anl 
0.01 ug.Anl 
0.01 ug/ml 
0.01 ugAnl 
0.01 ugAnl 
0.02 ug.Anl 
0.04 ugftnl 
0.06 ugftnl 

0.005 
0.005 
0.005 
0.05 
0.01 
0.01 
0.01 
0.01 

.v 
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Standard 4360 
COITDOUnd 

OBC(Surr) 
PP-Methoxych lor 
Alpha BHC 
Beta BHC 
Delta BHC 
Heptachlor Epoxide 
Alpha Chlordane 
PP-DOE 
Endrin 
PP-000 
Endosulfan Sulfate 
Endrin Ketones 

Level In Standards 
4360/4364 .· 

0.10 
0.05 
0.01 
0.02 
0.01 
0.01 
0.02 
0.02 
0.04 
0.04 
0.04 
o. 10 

1 nd 1 vi du a 1 mu lt 1 peak pest 1 ci des and A roc 1 or mixtures 

Toxaphene 
PCB 1221 
PCB 1232 
PCB 1016 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 

1.0 
1.0 
0.7 
0.3 
0.4 
0.4 
0.3 
0.3 
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~ 
Water 

0.05 
0.005 
0.005 
0.005 
0.005 
0 .OS 
0.01 
0.01 
0.01 
0.01 
0.01 

0.10 
o.os 
0.05 
0.05 
0.05 
0.05 
0.10 
0.10 

A CO!Jllound is identified as being in a sa"l'le if that CO!JlJOUnd is found on two 
different types of colurms. In order for a single co"l'onent pesticide to be 

~ found in a run, its retention time must be within the retention time window of 
a pesticide of interest. The size of that window is either + 2% for packed or 
+/- 1.5~ for wide bore capillary or snaller. A srreller window nay be set if 
there are enough samples or standards run with detectable levels of DBC so that 
a retention tine shift can be observed throughout the sequence. Orx:e a COIT1JOUnd 
is identified on one column, the sample 1s run on the other column. 

Multi COIT1Jonents pesticides and Aroclors are identified by pattern as well as 
retention tine. The identification and quantitation of these co~ounds is very 
COIT1J1ex and many decisions are based on the experience of the analyst, however 
there are some tools and guidelines e"l'loyed by the GC lab. 

Guidelines 
1) The sample should contain the three largest peaks in the aroclor and at least 

two other minor peaks. 
2) The RSO of the pattern match (see tools below) should be less than 33~. 
3) The co~ound with the best pattern match should be chosen. 
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4) If an identification is made even though one of the previous guidelines are 
not net, the analyst should provide notes on why he thou !tit the corrpoond was 
there. . -

Tools 
Pattern recognition is done with the help of a computer program which 

compares the sample and the standards peak for peak, adds up the total number of 
common peaks found and calculates the area ratios of the common peaks. It then 
runs a standard deviation test on all the ratios, calculates the mean value and 
discards any peak ratio outside of a + 2x standard deviation windo.r~ from the 
mean and recalculates the mean and standard deviation. This continues until no 

.. ratios are discarded during a pass or there are no ratios left. The values are 
printed out for every pass and the relative size of the standard deviation to 
the mean (RSD) is calculated. An example of the computer printout follows. 
This data may not be used if there are multiple Aroclors in the sample with 
common PCBs or the match is so good that the standard deviation is too small and 
valid data is discarded. In the first case, the analyst nust proceed on his own 
and in the second case, the analyst may take calculated values from other than 
the last pass. In most cases the change in the mean from first to last pass is 
so small it is insignificant. 

Section IV Ccrrpound Quantitaticn 
If a compound is identified, it is quantitated using the following formula 

ai1'Dunt = area of sanp le/area of std x cone of std x dilution x volume of extract 
Yo lume of sarrp le 

In case of multi component compounds, area of sample/area of standard is 
replaced with the mean ratio of all peaks used. 

Examcle: One liter of a water sample is extracted with a final extraction 
volume of 10 ml s. The extract is diluted 1:10 for ana lysis and Gamna BHC is 
identified and quantitated on a OV-101 column using the 4360 standard. The area 
of the sa"l' le peak was 437 and the area of the standard peak was 351. The 
calculation would be set up as follows: 

anDunt of Ganma BHC • 437/351 x O.Olugnnl x 10 x lOnls • 1.24ugll 
l.o liters 

The actual calculation is usually made with the help of program EPACA. This 
program generates an Ana 1ys is Worksheet which sh~s a 11 the data used in the 
generation of the results. It also generates a copy of the form ID and form 8. 

Section V Quality Assurance/Quality Control 
See QAIQC section for blank, spike and duplicate information. 
In addition to the CarpuChem QC samples, there are spec1a 1 GC lab QA 

measures. Each sample must pass the following criteria: 
1) Complete injection was nede 

a) good surrogate recovery 1f surrogate is available 

.. 
. ; ~. 



Section No. 4.3.13 
Revis ion No. 0 
Date: October 28, 1988 
Page 5 of 5 

b) reasonable solvent peak 1f surrogate is.not available 
2) No carryover contamination . 

a) No late eluting peaks from previous injection 
b) No syringe contamination from previous injection 

3) No retention time shift 
a) Surrogate Tll.lst be within wind~ if available 
b) Surrogate in standard before and after sal!1lle nust be within wind~ if 

surrogate not in sa~ le. 
If one or ntlre of these criteria are not net, the sarrp le is reanalyzed. 

-- :·-
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APPENDIX B-2 

TOC ANALYSIS OF SOILS 
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QAPP Addendum 
Phase ll Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

QUALI1Y CONTROL REQUIREMENTS FOR THE //) 
ANALYSIS OF TOTAL ORGANIC CARBON BY RMT (;;} It/·. ® FOR THE ACS SITE , \.:3-' ..../ 

Provided in this appenCiix ~e standard operating procedure for the analysis of Total 
Organic Carbon (TOC) on soil and sediment samples from the ACS Site. The following 
table lists frequency and performance standards for QC samples. If QC check samples do 
not meet performance standards, the samples are to be reanalyzed. If a duplicate or spike 
does not meet the specified limits, the sample will be reanalyzed immediately. If the re­
analysis still does not meet the specified limits, the affected data will be flagged. When the 
concentration exceeds the calibration range, re-analysis of the prepared sampled at the 
appropriate dilution is required. 

Parameter 

(1} Total Organic Carbon 
ip,-\ ~~"') 

~,) -

Audit 

Lab Blanl:c 

Check Standard 

FreQuency• 

1 per 10 samples 

1 per 10 samples 

EPA QC Reference 1 per set 
Standard 

Lab Duplicate 1 per 10 samples 

Matrix Spike 1 per 10 samples 

*Frequencies apply to each matrix individually. 

Limits 

<Detection Limit (DL) 

90-110% Recovery 

80-120% Recovery 

20 RPD (;DL if 
sam2le concentration 
is <5xDL) 

75-125% recovery 



LABORATORIES 

Total OrJanic Carbon Analyaie 

APPLICATION: To analy~e water and waetewater for nonpurgeable organic carbon. 

REFERENCE: EPA Method 415.1, 1974 
EPA 51846 Method 9060, September 1986 
Stand~rd methode 505, 1985 
Dohrmann DC·80 toe tyetemt manual• ed. 6, January 1984 

.SAMPLE HANDLING & PR!SilVATIONI 

The eampte le preeerved at the t1a• of aaapliftl by acidifyins to pR < 2 
with K2so4• The •ample it refrtaerated in a 1laea bottle. Hold tiD! tor 
the preserved sample ia 28 daya. 

INTU.P!R.r.NCES: 

The pretence ot chloride in hi1h concentration• () 0.10%) interfere• with 
the rate of oxidation. The tailing which reeoltt may fall outside of the 
8 minute analytie window. %he reagent can be slightly modified by adding 
~ereur1c chloride and mercuric nitrate. The chloride then ·complexes with 
the mercury which in turn allove the carbon to oxtdi&e at a normal 
rate. The procedure can be found oa page 7-1 of the tyttems manual. 

Highly 1u1pended to1ide can aleo 11ve variable retultl. However. it 11 
tmperactve .th4t the tample be autpended evenly if total organic carboa ta 
beins aeaeured. Settlina ehould not occur before injection. Part1clee 
may eloa the autoeampler tubina. Therefore. aamplea with 1u1pended 

"--·· matter must be unuallr injected. 

APPAUTUSs 

Dohr.ann DC 80 Total or,anic Carbon Analyzer 
18 x 150 mm te•t tubea (to bold aamplea) 
SyrlnJea (1 ml, 100-250 ul. 50 ul) 

R!AC!HTS: 

(l) leasent watert Detoni&ed water 

(2) Potaealum Persulfate Solution, 2%a 
Dietolve 20g potaee!um pereulfate in 1000 •1 d.t. water, add 1 ml 
concentrated Nitric Acid. mix well. Store in cool dark place. 
Shelf life 11 one month. 

20.96:LA!:LP-Oli April 1988 
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(3) Potaeeium Peraulfate - Mercuric Salt Solutions 
Dis•olve 8.2, HgCL and 9.6g Hg2No3H20 in 400 ml d.i. water, add 20g 
Potaaeium Peraulfate and S ml concentrated Nitric 
Acid, mix well, bring to 1 L with d.i. water. 

STANDARDS: (ppm u Carbon) 

(1) 
-

2000 ppml 425 ms rea1ent crade Potataium Hydrogen Phthalate, XHP, plua 
0.1 ml concentrated KN03 in 100 ml d.i. water. Store in amber bottle, 
refrigerate. Shelf life ia efta month. 

(2) 400 ppm: Dilute 20.0 ml o! 2000 ppm Standard to 100 al in volumetr!~ 
fla1k. Store in amber bottle; refriserate~ Shelf life ia one week • . 

(3) 10 ppm: Dilute.l.O al of 2000 ppm Standard to 200 alia volumetric 
flaak. Store in amber bottle, refrigerate. Shelf life i1 one week. 

CALIBRATlONI ~ 
The tnatrument 1• calibrated from a ona point etan4ard. When jCALI light 
11 off, the inatrument hae no calibration in ita •emory. 
To calibrate: 
(1) inject atandard 

. (2) push ISTAJlTI 
(3) when READY li&ht co•u on, puah fcALI. !CALf li&ht should now be 

RANC!St 

PROCEDURE: 

on I 

When fCALf 1isht 11 on. the inatruaent is already ttorins a 
calibration. In aoat ca1ea an update of the exieting calibration 
ia sufficient. Follow the same calibretion ltepa to updete a 
calibration (the (CAL! light ehould remain on the entire time), 

In order to eraae an exiating calibrition from oe2ory, limply hold 
jCAL( in tor at leut 1 ueond. The fCALf li1ht will so o~f. 

0.1- 20 pplll 
10 .. 800 ppm 
100- 4000 ppm 

uee 1000 ul injection• 
uae 200 ul injections 
use 40 ul injections 

Calibration with (~ 
10 ppm XKP ~ 
400 ppm XHP 
2000 ppm KHP 

When talecting a range, •ake ture the selector knob on the front 
panel !1 in the correct position. 

1. Start up: 

Three jPOWERI'• are turned on- tight to left. NOTEt matn power (toggle 
switch) on the detector alwaye re~alns on. 

Cas supply is turned up to 30 psi oxygen. 

20.96:LAB:LP-0!7 Arril 1988 
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' . 
P~fingert are put in place. 

I 1• turned on. 
should be on. (Tho door eust be eloeed for tha UV light to come 

• 
When the ba•tline ia atabili&td around 0.0100, the inatrument it ready 
for tho first injection. 

2. Inttrument ia calibrated (aee "Calibratlo~') 

4. 

Stmple 1• prepared tor !nj~ctionr 
Sa~plo it ehook vigorou1ly and poured into labeled ttlt tube. 

(All 1ediment muat be auepended evenlJ) 
Sample it aparged tor 10 minutes with oxygen. 

· Syringe 11 u1ed to agitate the aample to insure unifo~ aueponeion of 
lolida. k s 1 .::tJJ 

Syringe h filled to Ullple volume. }/o S4 1Y'f ~- • ! __; r 
£) ' - ~()!'J-='41'1 
fJ ../l Is I I t) . • 

Sample !s injected and fsTARfl i• puehed. 

When the aampl• bat been proeeeeed, the [READY! light will come on aod 
the integrated concentration vill be aent to the printer. This indicates 
that the instrument 1e ready for tho next injection. 

'· To abut the inttruaent d.otm: 
Three I POWER I'' ar:e t.urned off- l::.ft to r:lght. 
Gat aupply te turned oft. 
The reagent aupply tube and two wa•t• exit tubes are dieconnected to 

prevent eyphontns. 
Pump fin1er1 are releaaed. 

AUTOSAMPL!R OP!RATIOHJ 

The auto1ampler ia loaded froa the outalde first with teat tubea. S••plo 
1 11 to the risht of the srey tube plus. SaQplll 1•4 ahould be KHP atandarda 
- the tir•t three to calibrate and the laet for a check. Sample S ehould be a 
reterence atandard, and eample 6 abould be a water blank, 

The autoeampler MUSt be calibrated 1e~arately from the manual injection 
mode, · 

Make eure the eample loop ei~• corre1ponda to the ranae selected, 
Samples are loaded cloekw!ae around the outeide rtns (aamplea 1-$9). 

Sample position 60 it directly inside the srey tube plug. Samples 60-62 
ehould be etandarde or blanks, The inside ring ie also loaded clock~1ee. 

To start the autoea~plera Poa!tion tube 1 directly beneath aemplin~ 
arm. (The eample tray 111uat only be aovecS counter-clockw1ae). The two probu­
to the right of the sampling arm vill sparse the aample. No pre-eparging ia 
necuaary. (Particles aay clos the autoumpler. tubing, Therefore, umplu 
with suspended matter mutt be manually injeeted). 

Press IAUTOI and o-bserve proper operation.~ . 
A small magnet provided may be ueed to atop the eutoaa=pler 

automatically. This is done by placing it on the tray two poait!one past the 
last sample. 

20.96:LAB:LP-017 April 1988 
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!R.ROl KESSAC!S t 

ltRRORI will light up whenever an 1ntesrat1on h not acceptable, or hu 
been interruptad. Por an explanation of the aoureea of poeeible error eee PI• 
3-10 of the •anual. 

The instrument is ready for the next injection when the liiADYI llght is 
on, even if tha j!RRORI light 11 on. 

QUALITY CONTlOL1 

A vater blank and ealibration standard are run each day to verify 
calibration. Recaltbration (or updating an exi1ttnc ca1tbrattoa) it nec••••ry '-' 

·tl ltandardt vary by •ore than 10% froc calibration. A check atandard ie run 
after.every 10 aamplee to monitor ayate• ttabtlity. 

Duplicate• are run for 10% of the •••plet. 
Sp1kee (ueually at 10 part• per aillion) are run at a fre~uency of 10% of 

tamplea. If recovery ia out of ranre, the 1pike 1a repeated. If it iJ etill 
out of rena•. 1 different aample ie spiked. If nev epiko te in range, matrix 
interference of the firet •ample ia indi~ate4. 

&eferenco etandard il run each day. 
· Duplicate values ate epike recovery are ebarted to monitor proci1ion and 

accuracy over time. 

'I . :·. 
20.96:LAB:LP-017 April 1988 



..... ;: -

LABORATORIES 
Appendix 

APPLICATION: To analyze &oil, sludge, and solid waste for o~ganle carbon. 

REFER£NCE: ASTM Method 04129-82. 1982. 
Dohrmann DC-80 TOC Syatems Manual, ed. 6, Janu~ry 1984. 

SAMPLE HANDLING AND PRESERVATION: 

. 
The sample is not preservod, but ls refrieerated fn a glass 
bottle . 

APPARATUS: 

Dohrmnnn DC 80 Total Organic Carbon Analyzer wlth Sludge and Sediment 
Sample Accessory 

Forceps 
Watch Glass 
50 uL Syringe 
Smdl Spatula 
Platinum Boat 

PROCEDURE: 

1. Start up: 

Three POWER 'a are turn on--right to left. Furnace is turned on. 
Cas supply 11 turned up to 30 pa1 oxyaen. The furnace aust be allowed 
to warm up for approximately one hour. During this time, tho two tubes 
from the furnace should be immersed in water, ph • 10, to absorb any 
NOlC that may be fomed. The furnace is ready wh~n the tube netlr the 
sample inlet is glowing. ~en the baseline is stabilized around 0.0100, 

~ the instrument is ready for the first injection. The PUMP and LAMP 
do not have to be turned on. 

The teflon loop is removed form inlets 4 and 5 on the reaction module and 
lines 4 and 5 from the furnace are attached ln ita place. 

2. Ro~t preparation: 

The platinum boat is lined vith quartz wool. The boat is introduced into 
the furnace and allowed to "bake•out". 

3. The instrument h calibrated using 2000 ppm KIIP standard. The stand&~rd is 
injoctod into the boat through a septa in the snlnple port. 

s~mple p~cparatlon: 

Sample is mlxod until homogeneous. 
Transfer approximately 5 gra111 of umph into a 'porcelain dish. Add 5' 
sulfuric acid dropwise, while mixing, until effervesce~cc ls no longer 
visible. Dry in en oven at 105~C until eonstt~nt dry weight is obtained. 

=.20: 



Sample it weight 1nto ll linod platinum bo11t, (Snmplo aho ntuat be kopt 
between 10 and 100 mg.) 
Sample is placed in the saddle end the injoctlon port Is 'clo~ed. S3Gplc 
1s allowed to stand outside of furnace for about 2 minutes to stabilize 
the systeta, 
Note: When calibrating, the boat 1s imrned!ately int1·oduced into tho furnace. 

. . jf) :if; -tJ~~c.-~~ ~~ ~·o"".,_{;~ £).{).; vore 
r:.J/ -tl,) . ~ ~'!( I"J..IU'r " !!;<-IJ~~.t-f. '" 

5. .STAAT it puahed and sample in introduce into tlle Narnace, ~hon tne · 
umple hu been processod. the READY lishc will como an 11nd tho lnte&r<~tcd 
concontrat.i.on will bo sent to the prlnter. Thin indlcntoa thnt tho instl'U• 
ment is ready for tho next ••mple. 

6. lnstrumcant ehut down: 

Thrtt POWEit '• are turned of!··loft to right. C.u supply h turnod oEf. 
The reagent 1upply tube, the cvo wasta exit tube•, oncl lines '• nnd S arc 
disconnect~d to pravcant ayphon1ng. 

;5"' 1/b 
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Tracer Reaearch Corporation 

INTRODUCfiON 

This Field Operation Plan addresses Tracer Research Corporation's procedures for 

the collection and analysis of groundwater samples. The following list includes typical 

detection limits for some target volatile organic compounds (VOCs) in both soil gas and 

groundwater using direct injection techniques. These detection limits are based on 

maximum injection volumes of 2 mL of gas or 5 uL of water. 

CO:MPOUND 

1, 1-dichloroethene 
1, 1-dichloroethane 
chloroform 
carbon tetrachloride 
1, 1,2-trichlorotrifluoroethane 
vinyl chloride 

trans-1,2-trichloroethene 
methylene chloride 
1, 1, 1-trichloroethane 
trichloroethene 
benzene 
toluene 
xylenes 
total petroleum hydrocarbons 

*SOIL GAS 
(ug/L) 

0.05 
0.01 
0.001 
0.00005 
0.0001 
0.01 
0.01 
0.01 
C.OOOl 
0.0001 
0.02 
0.02 
0.02 
0.02 

GROUNDWATER 
(ug/L) 

1 
2 
0.5 
0.01 
0.05 
2 
2 
2 
0.02 
0.02 
4 
4 
4 
4 

The stated detection limits for water samples can be -lowered by a factor of 10 to 100 

by using headspace analysis techniques. The exact amount the detection limit can be 

lowered is dependant on the individual compound's partition coefficient. 

GROID\'DWATER SAMPLING PROCEDURES 

\Vater samples are collected by driving hollow probes with detachable tips below the 

water table and then withdrawing the probes to permit water inflow into the resulting hole. 

A vacuum adaptor is placed on the top of the probe and is used to connect to the vacuum 

pump (Figure 1 ). A vacuum of up to 27 inches of mercury is applied to the interior of the 

probe and open hole until water is drawn up the probe. Normally, water can be sampled 

within 10 minutes. If the formation is unusually tight and does not yield water fast enough 

1 
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Tracer Research Corporation 

to fill the pipe, a vacuum can be applied to the probe for an indefinite period. After 

remaining under vacuum for 15 to 20 minutes, usually some water is drawn into the open 

hole or up into the pipe. The water thus accumulated is then removed by drawing a 

vacuum on a 1/4 inch polyethylene tube inserted down the probe to the bottom of the open 

hole. After the tube fills with water it is removed and drained in to a 40 mL VOA bottle. 

This procedure allows a water sample to be collected in a short time from very tight 

formations that might otherwise require hours or days to collect by conventional means. 

Loss of volatile compounds by evaporation is accordingly reduced when water is induced 

to flow into the very narrow hole, because it can be sampled with little exposure to air or 

none at all if the sample is drained directly out of the probe and through the tubing. The 

polyethylene tubing is only used once and then discarded to avoid any cross-contamination 

problems. 

Water samples are collected in 40 mL VOC vials that are filled to exclude any air 

and then capped with Teflon-lined septa caps. V.later samples are permitted to stand up 

to several hours if necessary befor~ chromatographic analysis in order to ensure that a 

sediment-free sample can be withdrawn from the top portion of the vial. Water samples 

are subsampled and analyzed by direct injection in volumes ranging from 0.2 uL to 5 u~ 

depending upon the contaminant concentrations. 

Groundwater samples can also be analyzed by injecting headspace in the sample 

container created by decanting off approximately half of the liquid in the bottle. Headspace 

analysis is the preferred technique when a large number of water samples are to be 

performed daily. The method is more time efficient for the measurement of volatile 

organics than direct injection because there is less chance for semi-volatile and non-volatile 

organics to contaminate the system as there is with direct injection. Depending upon the 

partitioning coefficient of a given compound, the headspace analysis technique can also 

yield greater sensitivity than the direct injection technique. 

2 



l 

-. 

Tracer Reaeerch Corporation 

ANALYfiCAL PROCEDURES 

I. Varian 3300 Gas Chromatograj>h 

n. 

A) Equipped with Electron Capture Detectors (ECD), Flame Ionization 

Detectors (FID), Photo Ionization Detectors (PID) and/or Thermal 

Conductivity {TC) Detectors. 

B) The chromatographic column used by TRC for the analysis of 

halocarbons is a 1/8" diameter packed column containing Alltech OV-10L 

This nicely separates most of the tri-cbloro and tetra-cbloro compounds that 

are encountered in soil gas investigations. The di-chloro compounds tend to 

elute ahead of the tri-chloro and tetra-cbloro compounds, thus creating no 

interference. In the event that assurance of the identity of a compound in 

any particular sample is needed, it will be analyzed on a SP-1000 column 

after the OV-101 analysis. 

Two Spectra Physics SP4270 Computing Integrators. 

The integrators are used to plot the chromatogram and measure the size of 

the chromatographic peaks. The integrators compute and record the area of 

each peak. The peak areas are used directly in calculation of contaminant 

concentration. 

ID. Chemical Standards From ChemServices, Inc. of Westchester, Pennsylvania. 

A) TRC uses analytical standards that are preanalyzed, of certified purities 

and lot numbered for quality control assurance. Each vial is marked with an 

expiration date. All analytical standards are the highest grade available. 

Certified purities are typically 99%. 

B) The Quality Assurance procedures used by CbemService were described 

by the Laboratory Supervisor, Dr. Lyle Phipher: 

1) The primary measurement equipment at ChemServices, the 

analytical balance, is serviced by the Mettler Balance Company 

3 
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on an annual basis and recalibrated with NBS traceable 

weights. 

2) All chemicals purchased for use in making the standards 

are checked for purity by means of gas chromatography using 

a thermal conductivity detector. Their chemicals are purified 

as needed. 

3) The information on the purification and analysis of the 

standards is made available upon request for any item they 

ship when the item is identified by lot number. All standards 

and chemicals are shipped with their lot numbers printed on 

them. The standards used by TRC are made up in a two step 

dilution of the pure chemical furnished by ChemServices . 

Analytical Supplies 

1. Sufficient 2 and 10 cc glass and Hamilton syringes so that none have to 

be reused without first being cleaned. 

2 Disposable lab supplies, where appropriate. 

3. Glassware to prepare aqueous standards. 

4. Miscellaneous laboratory supplies . 
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QA/QC PROCEDURES 

I. Standards 

A) A fresh standard is prepared each day. The standards are made by serial 

dilution. 

1) First, a stock solution containing the standard in methanol 

is prepared at TRC offices in Tucson. The stock solution is 

prepared by pipetting the pure chemical into 250 mL of 

methanol in a volumetric flask at room temperature. The 

absolute mass is determined from the product of volume and 

density calculated at room temperature. Hamilton microliter 

syringes, with a manufacturer's stated accuracy of + or - 1%, 

are used for pipetting. Information on density is obtained from 

the CRC Handbook of Physics and Chemistry. Once the stock 

solution is prepared, typically in concentration range of 50-

1000 mg/L, a working standard is prepared in water each day. 

The solute in the stock solution has a strong affinity to remain 

in methanol so there is no need to refrigerate the stock 

solution. Additionally, the solute tends not to biodegrade or 

volatilize out of the stock solution. 

2) The working standards are prepared in 40 mL VOA 

septum vials by diluting the appropriate ug/L quantity of the 

standard solution into 40 mL of water. 

B) The standard water is analyzed for contamination before making the 

aqueous standard each day. 

C) The aqueous standard is prepared in a clean vial using the same syringe 

each day. The syringe should only be used for that standard . 

D) Final dilution of the calibration standards are made in water in a VOA 

vial having a Teflon coated septum cap instead of in a volumetric flask in 

5 
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order to have the standard in a container with no air exposure. The VOA 

bottle permits mixing of the standard solution and subsequent syringe 

sampling all day long without opening the bottle or exposing it to air. The 

measurement uncertainty inherent in the use of a VOA bottle instead of a 

volumetric flask is approximately + or - 1%. 

E) If headspace analyses are performed, a 3-point headspace calibration will 

be performed at the beginning of the day. The aqueous standards will 

contain the compounds of interest in the range of 5 to 1000 ug/L depend~g 

on the delectability of the individual components. Three check standards '.Vill 
be analyzed once at the beginning of the day to determine the mean response 

factor (RF) for each component (Figure 3). One of the three check 

standards will be injected again after every fifth sample to check detector 

response and chromatographic performance of the instrument throughout the 

day. 

F) The RF allows conversion of peak areas into concentrations for the 

contaminants of interest. The RF used is recalculated if the standard 

response varies 25%. If the standard injections vary by inore than 25% the 

standard injections are repeated. If the mean of the two standard injections 

represents greater than 25% difference then a third standard is injected and 

a new RF is calculated from the three standard injections. A new data sheet 

is started with the new RFs and calibration data. 

Where; 

% difference = A area - B area 
A area 

A = mean peak area of standard injection from first calibration 

B = peak area of subsequent standard injection 

G) The low ug/L aqueous standards that are made fresh daily need not be 

refrigerated during the day because they do not change significantly in a 24 

hour period. On numerous occasions the unrefrigerated 24 hour old 

standards have been compared with fresh standards and no difference has 

6 
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been measurable. If the standards were made at high ppm levels in water, 

the problem of volatilization wouJd probably be more pronounced in the 

absence of refrigeration. 

H) Primary standards are kept in the hotel room when on a project. 

I) A client may provide analytical standards for additional calibration and 

verification. 

ll. Syringe Blanks 

m. 

A} Each uL syringe is blanked before use. 

B) 2 cc (glass) syringes will each be blanked if ambient air concentrations 

are elevated (greater than or equal to 0.01 ugfL) for components of interest. 

C) If ambient air concentrations are < 0.01 ugfL for components of interest, 

a representative sample of at least two syringes are blanked at the beginning 

of each day. If representative syringes have no detectable contamination 

remaining syringes need not be blanked. If any of representative syringes 

show contamination, all 2 cc syringes must be blanked prior to use. 

D) Syringe blanks are run with air or nitrogen. 

E) If it is necessary for any syringe to be used again before cleaning, it is 

blanked prior to its second use. 

System Blanks 

A) System blanks are ambient air drawn through the probe and complete 

sampling apparatus (probe adaptor and 10 cc). The probe is above the 

ground. 

B) One system blank is run at the beginning of each day and compared to 

a concurrently sampled air analyses. 

C) A system blank is run before reusing any sampling system component. 

7 
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IV. Ambient Air Samples 

v. 

A) Ambient air samples are collected and analyzed a minimum of two times 

daily to monitor safety of the work environment and to establish site 

background concentrations, if any, for contaminants of interest. 

B) All ambient air samples shall be documented (Figure 3). 

Samples 

A} All unknown samples will be analyzed at least twice. 

B) More unknown samples will be run until reproducibility is within 25%, 

computed as follows: 

Where; 

Difference = A - B 
(A+ B)/2 

A is first measurement result 

B is second measurement result 

If the difference is greater than .25, a subsequent sample will be run until two 

measurements are made that have a difference of .25 or less. Those two 

measurements will be used in the final calculation for that sample. 

C) The injection volume should be adjusted so that mass of analyte is as 

near as possible to that which is contained in the standard, at least within a 

factor of ten. 

D) Whenever possible the attenuation for unknown samples is kept constant 

through the day (so as to provide a visual check of integrations). 

E) A water plug is used as a gas seal in uL syringes 

F) A seal is established between syringes when subsampling 

G) At very high concentrations air dilutions are acceptable once 

concentration of contaminants in air have been established. 

H) All sample analysis are documented (Figure 3). 

I) Separate data sheets are used if chromatographic conditions change 

J) Everything is labeled in ug/L. mg/~ etc. PPM and PPB notations are 

avoided. 

8 
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VI. Daily System Preparation (Figure 4 ). 

A) Integrators parameters are initialized 

1. Pt. evaluation 

2. Attenuation 

3. Peak markers 

4. Auto zero 

5. Baseline offset (min. 10% of full scale) 

B) The baseline is checked for drift, noise, etc. 

C) System parameters are set. 

1. Gas flows (Note: Nlt air, H.a tank pressure on Page 1 of 

chromatograms). 

2. Temperatures 

a) Injector 

b) Column 

c) Detector 

D) After last analysis of the day conditioned septa are rotated into injection 

ports used during the day and replaced with fresh septa. 

E) Column and injector temperatures are run up to bake out residual 

contamination. 

F) Syringes are cleaned each day 

1. 2 and 10 cc syringes are cleaned with Alconox or equivalent 

detergent and brush 

2. uL syringes are cleaned daily with IP A or MeOH and 

purged with N2" Syringe Kleen is used to remove metal 

deposits in the barreL 

3. Syringes are baked out overnight in the oven of the gas 

chromatograph at a minimum temperature of 60"C. 

9 
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Vll. Sample Splits 

H desired, TRC's cJients or any party, with the approval of TRC's client, 

may use sample splits to verify TRC's groundwater sampling results. Splits 

of the aqueous standards or the methanol standards used by TRC for 

instrument calibration may be analyzed by the party requesting sample splits. 

10 
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Figures 1 through 4 
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IOCC GLASS SYRINGE 
'SILICONE RUBBER TUB£ CONNECTION 

TO VACUUM PUMP 

SILICON£ RUB8£P. 
TUBE 

-CLEAR TUBING SLEEVE CONI/ECTOR 
(DISPOSABLE) 

SOIL- GAS FLOW OURINfi SAMPLING" 

1/4 IN. TUBING 

+---3/4 IN. fiALVANIZ£0 PIPE 

5-7FT. 

v+~OETACHABLE DRIVE POINT 

FIGURE 1. SAMPLING APPARATUS 

lA. CLOSE-UP OF SYRINGE SOIL GAS SAMPLING THROUGH EVACUATION LINE 

lB. DIAGRAM OF SOIL GAS SAMPLING PROBE WITH ADAPTOR FOR 

SAMPLING AND EVACUATION OF THE PROBE AFTER IT IS 
DRIVEN INTO THE GROUND 
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VAN t I 
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SOIL GAS INVESTIGATION BACKGROUND IHYORHATIOH 

SITE NAME: PAt/l#ew eH~~'~AL 
LO~IOH: /~Uti /llftC Ail£11111~ Ill. . M~. £.oVp< pAglt:! 
DATES OF INVESTIGMION: :ZUI- .;~.ft6/M 
CLIENT HAKE & ADDRESS: -~~~~M~a~~~~~fl~~u~~-~---~-~~~-W.~~--~-L-----------------

611~ 111U5St/ ""' 

FIE~ REPRESENTATIVE(S) FOR CLIENT:_· ~~~w~~~A.~W.~~~~~~~~--------------­

PERSOH TO WHOM REPORT AND QUESTIONS 
SHOULD BE DIRECTED: --~~~~~~~~~~M~W.~~~~~l~-------------------------

PHONE: C ZIH l fl..L -/4D1 
CREW: CHEMIST $'. C'MMt.ei GEOLOGIST N. jl;f~/ 

TARGEt VOCs 
"t'?J. 

GROUND~ATER INFORMATION; 

DEPTH TO WATER: --~~~-~1/L-'------~DIRECTIOH: __ ~~F~----------------

SOURCES OF CONtAMINATION 
qw/;flfY I(SI!!) <4~ !'! f#blt) ... ,..r~ /Hq!tf~ W N#~ A' 

GEOLQGIC SEtTING:(e.g. soil type, subsurface geology, etc.) 
~J?F« 1 &MetA? uu. c--v•'J· ~ 4Jslfi!C{Etfl! 64.qJ &' ., 

FIGURE 2A 
FIELD LOGBOOK - BACKGROUND INFORMATION 
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FIGURE 2B 
FIELD LOGBOOK - SITE MAP 
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Tracer Reeeerch Corpore~lon 

DATE : ;2-11- 81 
LOCATION : p;f1/ll>$t;lr t:I(EA(C.-1'- , ,~~~ I ,, 

CLIENT : 6-UtvPFIV41/~ ~. 

GC Operator: 1". e.lki~61S Field Assistant: N. ICIVG"~t 
Weather : 1.2 ·~ J'AIIW ~lU, Ql.' ~ A.UF]y 

H 0 U R S FIELD 

~ime on site 1'7J' 
BTime off site /~lo 

Lunch hours 
Downtime hoursl 
Standby hours2 

Hours on site 
( B _ A ) /~ 

D E C 0 R T A M ~f¢t T I 0 N 

Probe Decontamination ~~ Syringe Decontamination 

Total hours: Yt' 'i:J ~ Tote.! hours : ;'1.-

~ Verif1ed by GC operator Verifi 

Calibration 

Time start : dl.Jo 
Time end : ol,_ 

Total hours: / 

DAILY SUMMARY 

Sampling 

Max vacuum : ;J' in Hg 
Probes used : 11 
Points used : ,)o 
Soil gas samples 
collected : /I 

Water samples 
collected : fP 

Analysis 

Total system I 
blanks 

Total air 
samples 3 

Field data and gas standards checked by . d{ ~ 
Data checking hours: ~~~ 

1 - Downtime includes time spent repairing sampling ' analytic equipment; 
note times and explanation on following field data pages 

2 - Standby includes time available for sampling but waiting for client; 
note times and explanation on following field data pages 

FIGURE 2C 
FIELD LOGBOOK - DAILY SUMMARY 



Tracer Research Corporation 

OAT(: 2..- 1~- 31 
LOCATION: p,ftl10$el'll &HF,4(tUt, MP!T?/I?Ptl,$P CLIENT• ~~4v~ £NV 

SANPLING DATA 

~ :fl: 
... ..,_ 

% ..,-...o .. .. 
% .. ~· .. Ill .. caXZ u- .. .. .. 

SAMPLE L Cl L a•=> ,g ~~~~ :r':i z 0 
TIWE NUMBER Ill c ~ c=>o u >:I! 

=~ 2 0 .. ...... ~ w-
~ .. 

TIME ON SITE: 07Jt> 
BEGIN CALIBRATION: t>7Jo 

. . . 
~ : ~rev : "''" ·.·.· N ;. ~ , •• = : . '1\. . 8 ~==· ..,.u : /JIAI'tK -:-'" ,. :- • .lilA :1 :_, : r"' . : 

NOTES/ADD'L DATA 
ltEOUESTED 11' CLIENT 

: : ~M-1 r.tt.l• AI'NE 4fhMIT; ep IN NAr __ ,..,.,.# 
I :I: .,,.,- MnN ,.,.,,_ 4£ ............ ~"' 

: . . 

. 
: 

: 

: 

. 
: 

: 

; : : : 

FIGURE 2D 
FIELD LOGBOOK - SAMPLING DATA 
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TRACER RESEnQCH CORPORATION 
JOB- DAVIDSON CHE"ICAl, LAWTHORN, SOUTH DAKOTA 

1 DATE- 16 FEBRUARV 1989 
CHEMIST- S CHURBLES 

GEOLOGIST- " FAVERONI 

DETEI!TOR A <0 Dr" I > 1 1 1 
DETECTOR B <O Dr" 1 > 0 0 0 
RETENTION TIMES COt1P 1 0. 79 COI'IP 2 1. 1 COt1P 3 1. 7 
SAMPLE INJECTION (ul.) :5 :5 ~ 
---------------------------------------------~---..;-. -----1------------·------------ ------------------------
STANDARD CONCENTRATION <ugll): -------- 3 10 -------1-------- , :5 ------- -------- 10 -------

-----------------------------------~---------------------1------------------·----- ------------------------AREA RESPONSE I: -------------------- . 95310 -------1-------- 2000~S6 ------- -------- 11~0976 -------
FROH INJECTION 2: --------------------4103683-------:-------- 19:56713 ------- -------- 1111123-------

3: -------------------- '107199 -------1-------- 2150579 ------- -------- 1126579 -------
---------------------------------------------------------:------------------------ ------------------------RESPONSE FACTOR: ---------------- 5 ·.~.90£-16 -------:--------1.23E-17 ------- --------~.~3E-17 -------
---------------------------------------------------------:------------------------ ------------------------COMPOI£NT -------------------- F113 -------1-------- TCA ------- -------- TCE -------

NAME -------------------- 2 -------1-------- ------- -------- -------
---------------------------------------------------------:------------------------ ------------------------SR11PLE TIME<AIB>UIJ A INJ B AREA CONC. ~AN AREA CONC. MEAN AREA CONC. ~AN 

---------------------------------l------------------------:------------------------:------------------------6 ' 11 12 14 ERR ERR ERR 
H20 BLANK 755 5 -1000-0.09797 <0.1 -1000 -0.00215 <0.002 -1000 -0.009B5 <.009 

7 N2 BLANK 900 1000 -1000 -0.000~9 <O.OOOS -1000 -0.00001 <.00001 -1000 -0.0000'1 <.00001 
• 8 ~ ~ ~ 
AlR 5Rt1Pt.E 825 1000 2000 0.000979 0.001 ~702 0.()00()!57 .00006 12S69 0.000556 0.0006 
SYSTEM BLANK9 8~5 1000 2000 0.000979 0.001 5560 0.000068 .00007 1072~ 0.00017~ 0.000:5 
' ERR ERR ERR 
SGOI-5' 9~1 1000 153~2 0.007:515 0.009 :5400 0.000066 .00007 3:51625 0.015560 0.02 
SGOI-:5' 917 1000 17986 0-ooe:~ 15 597.~ 0.~~ 110552 0.019~= 

10 ~-19 955 13 3~21 1.67738~ 2 -1000 -0.01227 <0.01 10:529 1~793199 2 
WS-18 1003 3650 1.789099 -1000 -0.01227 • ~~71:5 1.979796 

FIGURE 3. 
EXPLANATION OF FIELD DATA SHEET 
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Tracer Research Col"porat:lon 

RE'1IIY 
IrATE " 131-27-8~~ 
Tlt1E u 15:36 
FI= 1. FE= 1. 
PRESS 'EHTER' TO SKIP 
FILE NAiiE=u STD 
TIME FUHCTIOH 
TT= .01 TF=• AZ 
TT= .01 TF=" PM 
TT= 

"ETHOD .NUMBER:MH= 

EHD OF DIALOG 
AT= 32 
OF=20 
PT=18Bl3 

I'IH= e. 
EHTR'r' 

VALLIE 
T't'= 1 
TV= 1 

CHANI1EL A mJECT 01-27-39 15:43:94 

STD 

FILE 1. t-IETHOir 

PEAK I AREA?. 

1 0.377 
2 1. 754 
3 0.16.; 
4 13.152 
5 25.1381 
6 26.951 
7 45.521 

TOTAL 10:.113. 

AZ 1 

8.6 

~31-27-89 15:43:B4 

e. RUH 1 IHDEX 1 

F:T AREA BC 

13.34 13779 02 
13.4:3 64194 03 
(1, :::5 6011 91 
e.9s 5547 01 
1.93 917708 01 
2.75 936147 01 
6.36 1665628 01 

3659014 

FIGURE 4 
CHROMATOGRAM DOCUMENTATION 

Dttector ~· .,Jo4,......-­
Vol! zge ....;u:!..11:2--
$emit. ___ _ 

Fl.:>w fh :es, ml/min _ 
l~'.'dr.--;:~ _ Air _ 

t:;.-'~'t• --­
~=-'il----

Terr-~~~)IU!"t. °C --

c!~~~B)b~ 
final ___ _ 

Rat•---­
So!Yent ----

~- 1-1-S'I 

5cY'C 

F'S= 
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APPENDIX B-4 

DISSOLVED OXYGEN ANALYSIS OF GROUNDWATER 



YSI DISSOLVED OXYGEN METER AND PROBE 

Scope and Application: The instructions outlined below are to be followed for 
the daily calibration and routine operation of the YSI 
Dissolved Oxygen Meter and Probe. 

Reference: Instruction Manual YSI Model 54~~C Dissolved Oxygen Meter and YSI 
5700 Dissolved Oxygen Probe. 

Reasents and Apparatus: 

1. YSI 54ARC Dissolved Oxygen Meter 
2. YSI 5720A B.O.D. Bottle Probe 
3. Membrane and KCl kit, standard, YSI 5775 
4. Replacement 110" ring, YSI Part #5945 
5. Beater boot assembly, YSI Part #5486 

Operating Procedure: 

I. Preparing the Probe 

All YSI 5700 Series Probes have similar sensors and should be cared 
for in the same manner. They are precision devices relying on good 
treatment if high accuracy measurements are to be made. Prepare the 
probe as follows. 

ALL PROBES ARE SHIPPED DRY - FOLLOW Trl£SE INSTRUCTIONS 
TO PREPARE FOR USE 

1. Prepare the electrolyte by dissolving the KCl crystals in a 
dropper bottle with Mflli-Q water. Fill the bottle to the 
top. 

2. Remove the •o• ring and membrane. Thoroughly rinse the sensor 
with KCl solution. 

3. Fill ·the probe with electrolyte as follows {see Figure 1): 

a. Grasp the probe with your left hand. 

b. Fill the sensor body until no more air bubbles appear. 
Tap the probe against the countertop to dislodge any 
air bubbles adhering to the sensor. 

c. Secure a membrane under your left thumb. Add more electrolyte 
to the probe until a large ~niscus completely covers the gold 
cathode. NOTE: Handle menbrane material with care, keeping 
it clean and dust free, touching it only at the ends. 

d. With the thumb and forefinger of your other hand, grasp the 
free end of the membrane. 

YSID0-1 
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e. Using a continuous motion stretch the membrane UP, OVER, 
and DOWN the other side of the sensor. Stretching forms 
the cembrane to the contour of the probe. The membrane 
can be stretched to approximately 1 1/2 times its normal 
size. 

f. Secure the end of the membrane under the forefinger of the 
hand holding the probe. 

g. Roll the "0" ring over the end of the probe. There should 
be no wrinkles in the membrane or trapped air bubbles • 
Some wrinkles may be removed by lightly tugging on the edges 
of the membrane beyond the "0" ring. 

h. Trim off excess membrane with scissors or sharp knife. 
Check that the stainless steel temperature sensor is not 
covered by excess membrane. 

4. Shake off excess KCl. 

5. Store the probe in a BOO bottle containing about 1 inch of water. 

6. Membranes average replacement is 2-4 weeks. If the electrolyte 
in the probe is allowed to evaporate, air bubbles form under 
the membrane. If air bubbles are noted under the membrane or 
if the ~r.embrane becomes damaged, tho~'oughly flush the reservoir 
with fresh KCl and install a new membrane as described above. 

7. Replace the membrane if erratic readings are observed or 
if calibration is not stable. 

NOTE: The gold cathode should always be bright and untarnished. 
If it is tarnished (which can result from contact with 
certain gases) or plated with silver (which can result 
from extended use with a loose or wrink·led membrane), 
return it to the factory for service. Never use chemicals 
or abrasives in an attempt to clean it. 

Figure .1. 
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II. Preparing the YSI Instrument 

It is important that the instrument be placed in the intended operating 
position; vertical, tilted, or on its back - before ft is prepared 
for use and calibrated. (See Figure 8). Recalibration may be necessary 
when the instrument operating position is changed. After preparing the 
probe proceed as follows: 

1. With switch in the OFF position, adjust the meter pointer to 
Zero with the screw in the center of the meter panel. Readjustment 
may be necessary if the instrument operating position is changed. 

2. Switch to RED LIHE and adjust with the RED liNE knob until the 
meter needle aligns with the red mark at the Jl•c position. 

3. Switch to ZERO and adjust to zero with zero control knob. 

4. Attach the prepared probe to the PROBE connector of the 
instrument and adjust the retaining ring finger tight. 

5. For optimum probe stabilization, let the meter and probe 
equilibrate fer 15 minutes before calibrating. 

Figure 2 

III. Calibration 

The operator has a choice of three calibration methods: Winkler 
titration, Saturated Water, and Air. The three methods are described 
in the following paragraphs. The Winkler titration is the preferred 
method of calibration. 

Winkler Titration 

1. Determine the dissolved oxygen fn two samples from the aerated 
water source using the Winkler titration technique (refer to 
the Dissolved Oxygen SOP) and average the values. If the 
values differ by more than 0.5 mg/l, discard the samples and 
repeat. 

YSID0-3 



2. Place the YSI probe in the third sample and stir. 

3. Switch to desired mg/L scale range and adjust with the CALIBRATION 
control to the average value deter:Dined in Step 1. Allow the 
probe to remain in the sample for at least two minutes before 
setting the calibration value, and leave in the sample for an 
additional 2 minutes to verify stability (Readjust if necessary). 

Saturated Water Ca 1 i bra ti on 

1. Air saturate a volume of water by aerating for at least 1 hour 
at a constant temperature (preferably room temperature). 

2. Place the probe in the sample and stir. Switch to TEMPERATURE 
scale. Refer to Calibration Table I for the mg/L value 
corresponding to the temperature. 

3. Determine local altitude or the •true• atmospheric pressure 
(note that •true" atmospheric pressure is as read on a barofl".eter. 
Weather Bureau reporting of atmospheric pressure is corrected to 
se~ level). Using Calibration Table II determine the correction 
factor for your pressure or altitude. 

4. Multiply the mg/L value from Table I by the correction factor from 
Table II to determine the corrected calibration value for your 
conditions. 

EXAMPLE: Assume temperature = 21•c and a 1 ti tude = 1000 feet. 
From Table I the calibration value for 21•c is 8.9 mg/L. From 
Table II the correction factor for 1000 feet is about 0.96. 
The corrected calibration value is 8.9 mg/L x 0.96 = 8.54 mg/l. 

5. Switch to an appropriate mg/L seale range and adjust the CALIBRATE 
knob while stirring until the meter reads the corrected calibration 
value from Step 4. leave the proJ>e in the sample for two minutes 
to verify calibration stability. Readjust if necessary. 

Air Calibration - Fresh Water 

1. Place the probe fn a BOO bottle partially filled with water. 
Wait approximately 10 minutes for temperature stabilization. 
This may be done simultaneously while the probe is stabilizing. 

2. Switch to TEMPERATURE and read. Refer to Table I - Solubility of 
Oxygen in Fresh Water, and determine calibration value. 

3. Determine altitude or atmospheric correction factor using Table II. 

YSI00-4 
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4. Multiply the calibration value from Table I by the correction 
factor from Table II. 

EXAMPLE: Assume temperature = 21•c and altitude = 1000 feet. 
From Table I the calibration value for 21•c is 8.9 mg/l. From 
Table II the correction factor for 1000 feet is about 0.96. 
Therefore the corrected calibration value is 8.9 mg/l x 0.96 = 
8.54 mg/l. 

5. Switch to an appropriate mg/l range and adjust the CALIBRATE 
knob until the meter reads the corrected calibration value from 
Step 4. 'Wait two minutes to verify calibration stabHity. 
Readjust if necessary. 

IV. Dissolved Oxygen Measurement 

1. With the instrument prepared for use and the probe calibrated, 
place the probe in the sample to be measured and turn on 
stirring boot. 

2. Allow sufficient time for probe to stabilize to sample. 

3. Read dissolved oxygen directly from scale. 

V. Maintenance of the Stirrer Boot 

1. The probe uses a flexible stirring boot to transmit motion from the 
sealed motor housing to the sample. If the boot shows signs of 
cracking or other damage which may allow leaking into the motor 
housing. the boot must be replaced. 

2. In fresh water applications boot life is normally several years. 
but this may be shortened by exposure to hydrocarbons, moderate 
to strong acids or bases. ozone. or direct sunlight. For maximum 
life rinse the boot with deionized water after use in contaminated 
samples. 

3. Boot replacement is as follows: 

a. Pull off old assembly and clean shaft. 

b. Slide on new assembly making sure the back spring is on the 
grooved area of the shaft. A small amount of rubber cement 
may be used. 

c. Check that there is sufficient clearance between the tip and 
the end of the shaft to permit turning without binding. 

YSI00-5 
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TABLE I 

Solubility of Oxygen in Fresh Water 

Temperature mg L 0 i s s c l ve d empera ture mg L Oissolvea 
·c Oxyger. ·c Oxygen 

I 
0 14.60 I 23 8.56 
1 14.19 24 8.40 
2 13.81 I 25 8.24 
3 13.44 I 26 8.09 
4 13.09 27 7.95 
5 12.75 I 28 7.81 
6 12.43 I 29 7.67 
7 12.12 I 30 7.54 
8 11.83 I 31 7.41 
9 11.55 I 32 7.28 

10 11.27 33 7.16 
11 11.01 34 7.05 
12 10.76 35 6.93 
13 10.52 36 6.82 
14 10.29 37 6.71 
15 10.07 38 6.61 
16 9.85 39 6.51 
17 9.65 40 6.41 
18 9.45 4~ 6.31 
19 9.26 42 6.22 
20 9.07 43 6.13 
21 8.90 44 6.04 
22 8.72 45 5.95 

Source: Derrived from 16~ Edition •standard Methods for the 
Examination of Water and Wastewater". 

This table shows the amour.t of oxygen in mg/L that is dissolved in air 
sa tura tell fresh water at sea level (760 mm Hg atmospheric press~re) 
as temperature varies fr~ o• to 45•c. 
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Table II 

Correction for Atmospheric Pressure 

Aw~ospheric Pressure Eoui va le~t Altitude Correction 
lllll/Hg or Ft. = Factor 

775 540 1.02 
760 0 1.00 
745 s.:z .98 
730 1094 .96 
714 1628 .94 
699 2274 .92 
684 2864 .90 
669 3466 .88 
654 ~082 .86 
638 4756 .84 
623 5.!..03 .82 
608 6C65 .80 
593 6744 .78 
578 7440 .76 
562 8204 .74 
547 8939 .72 
532 9c94 .70 
517 10~72 .68 
502 11273 .66 

Source: Oerrived from 16th Edition •standard Methods for the 
Examination of Water and Wastewater•. 

This table shows the correction factor that should be used to correct 
calibration value for the effects of atmospheric pressure or altitude. 
Find true atmospheric pressure in the left hand column and read across 
to the right hand column to deter:o.ine the correction factor. (Note 
that "true" atmospheric pressure is as read on a barometer. Weather 
Bureau reporting of atmospheric pressure is corrected to sea level.) 
If atmoshperic pressure is unknown, the loc~l altitude may be substitutec. 
Select the altitude in the center column and read across to the right 
hand column for the correction factor. 
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YSI 5700 SERIES DISSOLVED OXYGEN PROBES 
INSTRUCTIONS 

The probes described in these instructions are designed 
for direct use with YSI ~els SO, SlB, 54A3P, 54ARC, 
56, 57 and 58 Dissolved Orfien Meters. The probes can 
also be used with disc~ntL~ed YSI Models SlA, 54BP and 
S4RC Diuolved OX"Jgen Meters when the YSI 5735 Cable 
Adapter is employed. 

PJWICIPL!S OF OPERATION 

YSI 5700 Series Probes are polaroqraphic sensors. A 
thin pe~eable meabrar.e stretched over the sensor iso­
'"tes the electrodes fr::a tJ:e environment, but allows 

ses to enter. When a polarizing volta;e is applied 
•cross the sensor, oxy;e:. that has passed throuqh the 

'ml:rane reacts at t."'e cat..'lode, causing a current to 
,~ow. 

The Mlllbrane passes oxyc;en at a rate proportional to 
the difference across it in partial pressure of oxyqen. 
Since oxyqen is rapidly cons~ed at the cathode, it can 
be assumed that the oxyc;en pressure under the ~~brane 
is zero. Hence, the force causing the oxygen to 
diffuse through the -=ra."le is proportional to the 
partial pressure of oxyc;en outside the 111embrane. As 
tile oxygen partial pressure varies, both the oxygen 
cUffusion through the a=b.rane and the probe current 
wi~l change ~roportionally. 

SPECIJ'ICAriOHS 

cathode: Gold 
Anode: Silver 
Membrane: .001" FE? Teflcn, standard 
-~ectrolyte: Half satura:ed ~Cl 
~erature Ranqe: -s• 1~ cs•c 

15• ~ 3S•c for the 5760 probe 
·---.emperature Accu:-acy: !:0. 2•c 

Tegperature Compensatio~: (see inst~ent 
specifications) 

Polarizing Voltaqe: 0.8 Volts (nominal) 
Probe current in Air at )O•c: 19 micro~ps (nominal) 

in Hitrcqen at )O•c: 0.15 micr~~s or less 
Response Time: Typical res?Qnse for dissolved oxygen, 

using stande:-d .-~:-ar.es, is 90\ in 10 seconds at 
a constant te=pera:;re of 30•c. 

Response at low dissolved oxygen levels is typically 
90\ in 30 seconds. 

YSI 5492A Battery Pack for Models 51B and 54A (Po~ers 
the sub~~rsible s:irrers.) 

YSI 5735 Cable Adapte:- (~Ates 5700 Series probes with 
discontinued YSI t=dels 51A, 543? a::d 54RC Dis­
solved ~;;en Hete:-s} 

Accessories for the S120A, 5739 and 5750 

YSI 5680 Probe Reconditioning Xit. Includes a sanding 
tool and ten a~esive disks. 

YSI 5775 He.~rane ar~ XCl lit, Standard. Inclu~es two 
15-~~rane packets (.001" thick standard FEP 
Teflon membrar.es) and a 30 ml bottle of KCl with 
Xodak Photo Flo. 

YSI 5176 He:r.!:lrane ar.~ lCl Xit, Hiqh Sensitivity. 
Includes t~o 15-:~rane packets (.0005• thick 
FEP Teflon ~:e:::-.!:1:-e."les} and a 30 ml bottle of JC.Cl 
with XOdak P~oto Flo. Used !or ~•s~reoents below 
15•c and/or for 1o'" oxygen levels 

YSI 5793 .001" ~e:::-e."les, 10-membrane packet 
YSI 5794 .0005" ~e:=ranes, 10-membrane packet 
YSI 5945 0-rinq pa:k (Contains replace~ent sensor 

0-rin;s) 

Accessories for the 5720A Only 

YSI 5486 Stirrer Boot Assembly 

Accessories for the 5739 Only 

YSI 5075A calibration C\L~er 
YSI 5986 Diaphra~ lit 

YSI 5740-10 
YSI 5740-25 
YSI 5740-SO 
YSI 5740-100 
YSI 5740-150 
YSI 5740-200 

deta~le 10' cable 
detacl-~le 25' cable 
deta~~le SO' cable 
detac~~le 100' cable 
detac~~le 150' cable 
detac~~le 200' cable 

YSI 5791A Su~~rsi~le Stirrer with 50' c~le for stir­
rer only 

YSI 579SA Submersi~le Stirrer with SO' cc~.!:lined probe 
and stirrer c&:le 

YSI 5720A BOO ~ PROB! 

The S720A bottle p~ (Fiqure 1) is used for measurinq 
dissolved oxyqen in standard BOD bottles. It is pro­
vided with a stir:-er powered by a DC supply available 
for 115 or 230 VAC i~put. 

'· 
____ ..! .. _ 

~-:-~~~,) 
Figure 1. The YSI 5720A Prob. 



To use the 5720A, plug the stirrer power S\.;:ply into 
line power and the probe plug in the inst-~nt. With 
the stirrer off, place the tapered p~ e:M! into a 
filled the BCD bottle and turn on the stir:-er. 'l'he 
probe should be operated with a ~ini=u= of trapp.d air 
in the bottle. A sli;ht amount of air in ~e unstirred 
region at the top ll'.ay be neglected, bat no bubble 
should be per::litted around the sensor. CA...-ION: The 
~tor housing is not waterproof; do not ~r;e this 
probe beyond the part that 1s insertet iAto a BCD 
bottle. 

Stirrer loot (YSI 5486) 

The 5720A uses a flexible stirring toot to trans:~~it 
110tion fro~~ the 110tor housi119 to the u::ple. If the 
boot shows signs o~ cracking or other da=a;e liable to 
allow leakage into the 1110tor housing, it 1111st be 
replaced. Running the 5720A with a ~e:! stirri::g 
boot could cause pe~nent 1110tor ~ar..a;e. loot life ~y 
be shortened by exrosure to hy~rocar:Or~. ~erate to 
strong acids or bases, ozone, or direct ~~i;ht. For 
aaximum life, rinse t~e boot after eaeh ~se. loots are 
·eplaced as follows: 

1. Pull off the old assembly and clea.·. U:e stir rod 
housing. 

2. Slide on the ne·, assembly, lllal<.ir:; 11.;re the back 
spring 11 over the grooved area o! t.':e stir red 
housiru;. A d~op of alcohol will aid i::s~llation by 
providing lubrication. 

3. Do not pe~t the stir rod to press a~ainst the end 
of the stirrer boot tip or it will bind. 

YSI 5739 DISSOLVED OXYGEN PROB! 

The 5739 probe syste~ consists of the probe body plus a 
detachable cable (see Figure 2). The ~etachable cable 
is a convenience feature that facilitates changing 
cable lengths and replacing damac;Jec! cables or pro!::es. 
The probe and cable assembly is held tQCiether with a 
threaded retainer. The assembly is DCit inten~ed for 

_casual disconnection; cable and pro!::e should be separ­
ated only when necessary. 

To detach the cable, unscrew the retaL~er and sli~e it 
down the cable to ex;ose the connector. ~~ll ~ently on 
the connector until it comes away fro: ~~ pre!::e bedy. 
If the 0-ring 1s frayed or da~~~a;ec!, replace it: a 
replace~~~ent 0-ring is supplied with eac.'l 5740 cable. 
Reassemble by pushing the connector in:.o t!le probe 
body, rotatir:g it until the two halves Eate. A li;ht 
coating of silicone c;rease on the o-rir..«;~ will ~lee · 
reassembly easier. Be sure the ec.-:."l~tor is dry; 
other,ise, erratic readinc;s ~y resul:. Sere-, on the 
retainer fincer-ticht ~ 

Pressure Compensation 

The 5739 probe has a unique presr~re c~pensatir:y 

syste• that helps assure accurate rea~L"lgs at c;reat 
depths. Pressure co~pensation is effective to 1/2\ of 
reading with press~:res up to 100 FSi (230 fut of 
water). The ccn:pensatinc; syste:11 .!:es not no:r...ally 
require service a::d should not l:e tuen apart. Hew­
ever, if electrolyte is leaking thro~:;h ~~· c!iaphra~. 
or i! there is an obvious puncture, ~~e ~iaphra~ v.ust 
be replaced. A spare is s~:pplied wi~ ~~~ pro~e. Use 
a coin to unscrew the retaini119 ph.-; a::d re:r.ove the 
washer and diaphra~. With distilled water, flush any 
salt crystals free~ the reservoir, ir.stall a new dia­
phra~ (flat side out), replace the washer and securely 
screw in the retaining plug. 

Figure 2. The YSI 5739 Probe 

YSI 5750 BOO J!0"1"rL! PROBl 

The 5750 (Figure 3) is similar to the 5720~ except that 
it does not have a stirrer. A;itation of the sample 
&ust be provided bj' other ~eans, such as a Ngnetie 
stirrer. 

Figure 3. The YSI 5750 Probe 

PROB! PR!PARATIOH 

All probes are shippe~ dry. You aa:st folle·"' these 
instructions when preparing a r~~ p:obe o: when chang­
in~ 111e:nbranes. Prepare the e'!.ec:.:olyte by d!.ssolvir.c; 
the KCl crystals which are suppl!e~ in a c!:oppe: bottle 
that should be filled to the n~-k vith distilled water 
and shaken until the crystals a:e ~issolved. 

1. Unscr•w the sensor ;uard (!739 only). Re~Dve the 
o-ri119 and n:e:nb::ane, then tho~;hly r!:ue the sense: 
with distilled water. 

2. To fill the probe with electrolyte a::c! install a ne~ 
v.e:nbrane, follow these steps: 

a. Grasp the probe in your le!t ha::c!. (See tl'.e 
sketches in Figure 4.) "~en pre;:>aring the 5739 
probe, the pressure eca:pensa~ir.c; pc:t should be to 
the right. Successively fill the sensor l::od1 with 
electrolyte while pu:11ping t.'le diaphrava with the 
eraser end of a pencil or a si:llilar soft, blunt 
tool. Continue fill!ng allll! F=Pinc; until no 1110re 
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air ~les appear. For ease in preparing the 
5720A, the stirring rod should be to the left. When 
prera:~~g t~e S720A or 5750 probes, simply fill the 
senser body until no more air bubbles appear. 

b. Secure a ~e~~rane between your left thumb and the 
probe body. A~d mere electrolyte to the probe until 
• lar;e menis~s completely covers the gold cathode. 
NO:!: Eandle ~e~rane material with care, touching 
it a: ~e ends only. 

c. With ~· th~~ and forefinger of your other hand, 
~ras? t.~e free end of the membrane. 

d. With a continuous motion, stretch it up, over and 
down ~ other side of the sensor. Stretching for-DS 
the se=brane to the contour of the probe. 

e. Secure the end of the ~embrane under the forefin~er 
of y~ left hand while holding the probe. 

f. Roll t.':e 0- ring over the end of the probe, beinc; 
care!~l not to touch the membrane surface. For the 
572C1., start at t~e ric;ht side of the sensor and 
rcll t.'le 0-ring to,.ard the stirring rod. There 
s~~lc be r.o wrinkles in the membrane or trapped air 
b~:.~e.s. Sor.'.e wrinlcles may be rerr.oved by lic;htly 
t~c;c;~ on the e~c;es of the ~errhrane beyond the 
0-ri.-:<;. 

g. Tri: off excess me~rane with scissors or sharp 
kn.!.!e. Check that the stainless s:eel temperat~re 
sensor is not covered by excess ~errhrane. 

3. Shake off excess KCl. On the 5739, reinstall the 
sensor ~rd. 

A I 

~ 
c -

fat ~1g \ 0 

~ \ . 
0 , G 

Figure 4. H~rane Application 

Probe Storage 

A bottc=less plastic t:ottle is provided with the YSI 
5739 pr~e for convenient storage. Place a s~ll piece 
of moist towel or S?Qnc;e in the bottle and insert the 
probe into the open end. This keeps the electrolyte 
fr0111 dr-.ting out. The 5720A and 5750 probes can be 
stored in a BOD bottle containing at least 1• of water. 

OI'G.ATING PREO.DTlOHS, ALL PROBES 

1. P.e=~rane life ~epends on use. Hembra~es will las: & 
lc.-..; t.!J:.e if installed properly and trnted with u:t 
du:i.~c; use. Erratic readings result fr~~ loose, vri~~­

lee or fouled ~e~~ranes, or from large bubbles in t:A 
e:~trolyte rese~1oir. If erratic rea~ir.~s. or evi~e~:e 
o! 1:1e:±rane c!e.:-::aqe o'<:~r, you shoulc! replace t:.e 
~ra~e and XCL. The average replace~e~t inte:val is 
t~ to four weeks; electrolyte in consta~t or heavy ~s• 
vill be exhausted in about two weeks. 

I! the sensor 0-ring on any probe is worn or locse. 
replace it with the O·ring provided in the YSI SS': 
o-r!ng Pack. 

l. ~e ~old catho~e should ~lways be br!;ht and unt&:­
n.!.ced. If it is tarnished (which ca:~ result fr= 
cc::tact vith ce:tain gases) or platte with sil~•=­
(w'--!c:h can result fret~~ extended use w!th a lcose c:­
wr!.nltled ~e::-.brar.e), it needs to ha•~t its sur!a:e 
restored. Proces may either be returned to the factc~f. 
or clea:'led vith the YSl 5680 Probe Reco:-.dH!oninc; l.it: 
r.eo;oer use che:nicals or any abrasive not s ~;:plied "':.:.:. 
t:-!s kit. 

3. lt is also possible that the silver a~oce =ay be---• 
cer.ta::ti:'lated, which will prevent successful cali::e­
tion. Try soakir.g the probe overnight i~ a 3\ ~T.rnC~~~ 
sc:.ution; r i:lse with deionized water, recharge vi:.!: 
e:ec::.rolyte, anc! install a new ~embra::e. If s:i:l 
1::-~le to calibrate after several hou::s, return C:e 
F~ for service. 

4. Hyc!rogen sulfi~e, sulfur dioxide, haloc;ens, and ~ 
a_-e interfering gases. I! you suspect erroneous re&:­
~s. it =ay be necessa::y to deter.nine 1! these are C:e 
~e. 

These gases have been tested 
100\ Car~n Monoxide 
100\ Carbon Dioxide 
100\ Hydrogen 
100\ Chlorine 
100\ Helium 
100\ Nitrous Oxide 
100\ Ethylene 
100\ Nitric Oxic!e 

for res;:onse: 
less than 1\ 

around 1\ 
less than 1\ 

2/3 o2 res?Qnse 
none 

1/3 o2 res?Qnse 
none 

1/3 o2 response 

5. The correct liquid level in BOO bottles is achie~e: 
b1 over!illbg, then inserting a stop;:e:- ar.d pol!!'i:.~ 

e!f the excess. When using a YSI 5760 or a S720A p::=e 
1: a filled !00 bottle, be careful to insert it slewl! 
t: avoic! s~~ple ove:-!lo,.. 

6. When using the 5720A in samples containing ku·.-, 
;a:ti~Jlate solids, ec!citional stirring r~y be neec.:. 
I:verting the stopperec! bottle 1..-:nediately before ~u 
v!ll us~ally provide ac!equate aixing. 

o.LlBAATIOH 

Cally calib~atior. is c;e~erally approprie.:e. Cali:::e­
tion can be eistu::bed by physical shoe~. touchir.~ t:.e 
~rant, fouling o! the v.e~~rane or dryinc; out o! t:.e 
e!ectrolyte. Chec~ calibration afte:: each series c! 
~asure=ents, an~ ir. ti:e you will eevelop a realis~!~ 

5:.~e~::h for recalibrttion. When prc:es are r.o:. i:: 
use, store the~ as reco~er.ded in Probe Preparatioc. 

f=oces ~y be calibrated by Winkler Tit::etion or by ~.e 
Kater Saturated Air ~ethod. Experience has sho~n ~~:. 

a!r calibration is GUile reliable, yet fa: sL~pler L~~~ 
titration. !oth l:'.ethods are described here. Co::.s::l: 
t.~ unual for your particular instr=ent for cere 
ccmplete instructions. 



Winkler Titration 

1. Dr11·o~ a volu:~ of water frc::a a single source and 
carefully divide it into four sar.ples. Oeter.~~ine the 
oxyqen in three of the s~les usin; the Winkler Titra­
tion technique and average the three values. If one of 
the values ~iffe:s f:cm ~~e other t~o by ~re than 0.5 
mg/L, discard it and ave:ase the t~o values remaining. 

2. Using the p:oce-~ter syste~ you are calibrating, 
place the probe into the fourth s~rle and stir. 

3. Switch to the c!eslree r:tJ/L ran;e and adjust the 
CALIBRATION control to L~e average value ~eter.nined in 
step 1. Allow the probe to re~in in the sample for at 
least S •inutes 'before setting the calibration vah.e, 
then leave it in the sa::ple for an acditional t~ 
11inutea to veri!y stability. Readjust if necessary. 

Air Cal.J.bration 

1. Pl4~& the probe in a eoo bottle containing about 1 
inc.:h of vater. Wait approxi:lately ten 11inutes for 
te~~erature stabilization. 
-~e S739 probe can be placed in the YSi 507SA Calibra-

.on Cha.wer or in the s:.all calibration bottle suo­
plied with the probe ( t~.e one with t~e hole in t;.e 
bottom) along with a few crops of water, or a ~~istened 
towel or clc-th. · 

2. Read the te::-.perature a."ld re!er to the inst~.,.ent 
Calibration Table to ~ete=ine the calibntion value. 
IIOTE: To achie•te the stated accuracy of measurement, 
the probe IIUSt be stabilized be!ore calibratins. The 
calibration temperature should be within S degrees of 
the sample temperature. 

3. Deter:nine n.e a-:.::::os:-heric correction factor (sn 
Instr~.,.ent ins:r~c~i~~s). 

4. Multiply the ul~ration value by the correc:ior: 
factor. 

S. Switch ycur ins:~~~t to an appropriate mq/L range 
and adjust the ~1~~7! control until t~t meter reacs 
the corrected cali!::::a~ion value from step 4. 'lfitho~o:t 
changing the cal!!:::a!ien setup, ~nitor th rndinc;s 
for an additicr.el 3 minutes to veri!y calibration 
st&bility. leadjcst if necessary. 

All YSI proeucts ca::~J a one-year var:a~ty on vorkman­
s~!p and parts, e~e!~si~e of batteries.· t~~c;e throu~~ 
ac:cic!ent, 111iscse, c:- t&.-::pering will be repaired at a 
nc~ir.al c~er;e. i! pcss!~le, when the i~t=. is returne: 
to the factcr1 c:: to &.~ authorized YSI cealer. Elec­
trode clea~ir.q is c:~ c:vered by warranty. 

If you are e:,::e:: ie:-.:i:!; difficulty wi:~ a:-~y Y!I pro­
duct, it may te re:~:-~e~ for 'repair, •~•~ if tr.e war­
ra~ty has expire:. YS: maintains C:CC:.?le~e facilities 
fer p:-om;:t serot!c!~ en all its proeuc~s. This war­
ranty is li~ite: to repair or replace~ent (YSI's 
option) at no c~ar;e. 

J f tl b 1'1 
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INSTRUCTION MANUAL 
YSI MODELS 54ARC AND 54ABP 

DISSOLVED OXYGEN METERS 

•••••••• 
:::::::: Scientilic Division •... , ... 
;•••. ··; Yellow Springs Instrument Co., Inc. 
:.~: Yellow Springs, Ohio 45317, U.S.A. • Phone 513-767-7241 

PRICE INCLUDING HANDLING $6.00 



SUMMARY OF OPERATING INSTRUCTIONS 

1. CALIBRATION 
A. Switch instrument to OFF and adjust meter mechanical zero. 
B. Switch to REO LINE and adjust. 
C. Prepare probe for operation. connect to instrument. wait up to 15 minutes 

for probe to stabilize. Probe can be in calibralion chamber or ambient air. 
0. Switch to ZERO and adjust to ··o·· on my/J scalu. 
E. Switch to TEMP and road on •c scale. 
F. Use probe temperature and true local atmospheric pres~ure (or feet above 

sea level) to determine calibration values from Tables I and II. (See 
pages 14 and 1 5). 
EXAMPLE: Probe temperature = 21 •c: Altitude = 1000 feet. From 
Table I the calibration value for 21 •c is 8.9 mg/1. From Table II the 
altitude factor for 1000 feet is approximately .96. The correct calibration 
value. then. is: 

8.9 mg/1 X .96 factor = 8.54 mg/1 
G. Switch to 0-10 or 0-20 mg/1 range and adjust motor with CAL control to 

calibration value determined in Step F. 
NOTE: It is desirable to calibrate probe in a high humidity environment. 
(See calibration section for more detail). 

2. MEASUREMENT 
A. Place probe in sample and stir. 
8. Allow sufficient time for probe to stabilize to sample temperature und dis· 

solved oxygen. 
C. Read dissolved oxygen on appropriate range ( 1-10 or 0-20 mg/1) 
0. We recommend the instrument be loft on between measurements to 

avoid the necessity to repolarize the probe. 

3, GENERAL CARE 
A. Recharge batteries in the YSI Model 54ARC when the instrument can no 

longer be red lined. Recharge 1 6-20 hours. Replace with Burgess C0-6 or 
equivalent. Replace batteries in the YSI Model 54ABP when red line can­
not be set with Panasonic UM-2N or equivalent. 

B. Membranes will last indefinitely, depending on usage. Average replace· 
ment is 2-4 weeks. Probe should be stored in humid environment to pre­
vent drying out. 

C. Calibrate daily. 

. . ~-
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GENERAL DESCRIPTION 
Tho YSI Models 54ARC om.l 54ADP Drssolvud Oxyuen Meters oro intondod 

for dissolved oxygen omJ temtJeroturo measurement in WCJtor CJnd wastewater 
applications. but are also suitable for usc in certain other liquids. Dissolved Ox· 
ygen is indicoted in rng/1 (milligrams per htorl on 0·1 0 and 0·20 rng/1 scolos. 
Temperature is indicated in •c on a ·5° to +45°C scale. Doth drssolved oxygen 
ronuos arc automatically tornr>oraturo comtJonsatecJ lor solubility ol oxygen in 
wotor Olld IIUtlllUOIJility ul tho IIICJIJO IIIOIIIIJUIIIO. 

Tho proiJoa uao Clork·typo rnomiJrono covorod l>olorourophic aonaora with 
built-in thermistors for temperature measurement and cornponsotion. A thin, 
permeable membrane stretched over the sensor isolates tho sensor elements 
from the environment. but allows oxygen and cortoin other gases to enter. When 
a polarizing voltage is applied across the sensor. oxygen that has passed through 
the membrane reacts at the cathode. causing a current to flow. 

The membrane passes oxygen at a rato proportional to the pressure difference 
across it. Since oxygen is ratJidly consumed at the cathode. it can be assumed 
that the oxygen pressure inside the momllrano is zero. Hence. the Ioree causing 
the oxygen to dilfuse through the membrane is protJOrtional to the absolute 
pressure of oxygen outside the rnembrilnO. II the oxygen pressure increases. 
more oxygen diffuses through the membrane and more current flows through 
the sensor. A lower pressure results in less current. 

Power to operate the system is providud by internal ballories in the in· 
struments. rechargeable batteries in the YSI Model 54ARC and disposable 
batteries in the YSI Model 54ABP. 

SPECIFICATIONS 

2 

I. Instrument 
Oxygen Measurement 

Rongos: 0·1 0 ond 0·20 mull 10·5 ond 0·1 0 mg/1 with YSI 5776 High 
Sensitivity Mombrnno) 

Acc:uroc:y: ± 1% of lull acolu ot colll.lruuun tutiiiJUtuturu 1:1:0.1 mull nnll 
0· 1 0 scolel. 

Readollility: .05 mull on 0·1 0 scalo; 0.1 lll!J/I on 0·20 scolo. 

Temperature Measurement 

Ronges: -5• to +45•c 
Accuracy: 
Rcadau•li 1 y: 

± 0.7°C. including j)rollo 
o.25•c 

Temperature ComtJensution 

± 1% of D.O. reading lor measurements made w•thin :1: s•c of caliiJration 
temperature. 
± 3% of D.O. reading over entire rilnge of ·5 to+ 45°C Prolle temperature. 

System Response Time 

Typical response for temperature and D.O. readings is 90% in 10 seconds 
at constant temperature of 30°C with YSI 5775 Membranes. D.O. 

response ot low temperature ond low D.O. Ia typically 90% in 30 aeconda. 
YSI 6 776 High Sonaltl'!fhY Mombt~noa c1n bo ueod to Improve reaponao It 

( 
i 

! 

low temperature and low D.O. concentrations. If restJonso limo undor any 
operatmg condrtions o11ceods two minutes. tJrube sorvrco is im.lrcated. 

Operating Temperature Runge 

Instrument ond probe operating range is ·2° to +4S•C. Larue ambient 
temperature changes will result in 2% loss ol accuracy unless Rod Line and 
Zoro arc reset. 

necordor OuttJut 

0 to 114·130 rnV. nocordor ahould have 60.000 ohma rnirumum input im· 
pedance. 

Power Supply 

YSI Model 54ABP: (4) 1.5 volt carbon zinc batteries provide approximately 
1000 hours operation. Replace with Panasonic UM-2N or equal. 

YSI Model 54ARC: 141 1.25 volt Ni·Cad rechargeable cells I Burgess CD·Q 
or equal! provide approximately 100 hours of operation between charges: 

II. Probe 

Cathode: Gold 
Anode: Srlver 
Membrane: .001'" FEP Teflon (.0005" FEP Teflon available) 
Electrolyte: Half Saturated KCI 
Temperature Compensation: (See SPECIFICATIONS. I. Instrument) 
Pressure Compensation: Effective 112% of reading to pressures of 100 psi 
1230 ft. water) 
Polarizing Voltage: 0.8 volts nominal 
Probe Current: Air at 30°C = 19 microamps nom•nal 

Nrtrogen at JO•C • .15 microamps or less 

Ill. Accessories and Replacement l'artl 

YSI 5720A - Sell Stirring 8.0.0. BoUle Probo 
YSI 5750 Non &tirring B.O.D. Bottle Probe 
YSI 5739 Oxygen Temperature Probe for held use. Combine with one 

ol the following cables for desired lead length: 
YSI 5401 
YSI 5402 

Baltery Charger Eliminator 115V 
Baltery Charger Eliminator 230V 

Detachable leads lor use with YSI 5739: 

YSI 5740·10 
YSI 5740·25 
YSI 5740·50 
YSI 5740·100 
YSI 5740·150 
YSI 5740·200 

10' cable 
25' cable 
so· cable 

100' cable 
150' cable 
200' cable 

YSI 5492A- Baltery Pick Operatoa YSI 6791A and 6795A Submoraible 
Stirrera 
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YSI 5 791 A - Submersi!Jio Stirrer lor field usc 
YSI 5795A - SulJmorsiblu St111er lor field usc 

YSI 5075A - Calibration Chamber lor usu with l•elt..l probe 

YSI 5890- Carrying Case 

YSI 5775- Membrane and KCI Kit. Slllmlmd - mcludcs 2 ouch 15· 
membra no packets (.00 1" thick stundart.l membranes) and a 
30 ml bolito KCI w11h Kodak Photo Flo. 

YSI 5776- Mcmbwno and KCI Kit, H•uh Sunsllivity - includes 2 each 
15·membrone packets (.0005" thick membranes) anti a 30 ml 
bottle KCI with Kodak Photo Flo. 

YSI 5945- "0" Ring Pack - includes (6) "0" rmys lor each YSI D.O. 
Probe. 

YSI 5486- Boo tor Boot Kit - includes I 1 I A-05486 Dool. I 1 I A-05484 
Tip, (2) A·054U!i SrJrilliJ. Usut.l only on 5720A unt.l t.lilcun· 
tinuod 6420A ond 6 7 20. 

YSI 5986- Diaphruum K1t lor usc only wllh YSI 5739 D.O. Probo. 

YSI 5734- Adaptor makes il poss•l>leto usc <hscontmued YSI 5400 Sorios 
Probes with YSI Models 54ARC and 54ABP . 

YSI 5735- Adaptor rnakos it possible to use YSI 5739. 5720A and 5750 
Probes with discontinued YSI Models 54RC and 54BP. 

OXYGEN PROBES AND EQUIPMENT 

There are three oxygen prolJes lor use with the YSI Models 54ARC ond 
54ABP Dissolved Oxygen Meters. Descr~pt1ons of where they arc used are con· 
tainotl in tho following paragraphs. 

I. YSI 5739 D.O. Probe 

Tho YSI 5739 prol>o. with built-in load wciyht ami pressure co1npensution. is 
an improved design that replaces tho <hscontmuod YSI 5410. 5419, 5 718 uml. 
5 719 probes. (See Figure 1J 

Fur user convenience tho prolJo is e<tUifJfJCd with u tlisconnucting c&~ble to 
facilitate changing co!Jio lengths and replacinu d;unauod cul>los or probes. The 
probo and col)lo ossombly is held rouother with a threaded retaining nul. Tho 
connection Is 11ut t.Josiunet.l fur casuul tliaconnucliun nntl should only bo die· 
c;onnectod whon nocolUinry. 

To disconnect the cable unscrew tho rolaininy nut oncJ shcJo It down the c:oblo 
to expose tho connector. Pull gently on tho cablo anti connector until the con· 
nector comos away from tho probe body. 

To reassoml>le. inspect the connector and "D'' riny lor cleanliness. If the "0" 
ring is Jrnyod or damaged remove it by squeezing it in tho uroovo causing it to 
lJUigc. then roll it out of the groove and oft tho connector. A replacement "0" 
ring is supplied with the cable. 

Push tho connector into the prolJe body. rutatinu it until tho two halves mate. 
A light coating of vascline or silicone grease on tho "0" ring will make 
reasseml11y easier. Air trapped between tho connector halves which may cause 
lhom to tlfJring aport slightly, is normul. Scrow on tho ?''"ining nut. lla11d tight 
o11ly. NOTE: If erratic reodinys aro OXfJOrioncetl. tlisconn\ 10 coblo and iniJJoct 
lor water. If present, dry out and reconnect, replacing tho "0" ring. if no~essary. 

Figure 1 

Pressure Compensation 

The vent on the side of the probe is part of a unique pressure compensating 
system that helps assure accurate readings at great depths of water. Pressure 
compensation is effective to 1/2% of reading with pressures to 100 psi 1230 ft. 
water). The quantity of air bubbles trapped under tho meml>rane determines how 
serious the pressure error will be. which is why proper preparation or the probe is 
essential. (See OPERATING PROCEDURES.) The system is designed to accom· 
modate a small amount of trapped air and still function properly. but the amount 
should be kept to a minimum 

Tho componsatlng system normally doea not require servicing end should not 
be taken apart. However, if electrolyte Is leaking through tho diaphragm or If 
there Is an obvious puncluro. the ditphragm must bo roptocod. A •pare le 
supplied with the probe. Using a coin unscrew the retaining plug and remove tho 
washer and the diaphragm, flush any salt crystals from the reservoir, install tho 
new diaphragm !convolution side in). replaGe the washer. and screw in the 
retaining plug. 

II. YSI 5720A B.O.D. Bottle Probe 
The YSI 5720A B.O.D. Bottle Probe replaces the discontinued YSI 5420A 

B.O.D. Bottle Probe for measuring dissolved oxygen and temperature in stan· 
dard B.O.D. bottles. It is provided with an agitator for stirring the sample solu­
tion. available In£ o:lels for 117VAC (96-136VAC. 60-60 Hzl or 230VAC I 190· 
250VAC, 50-GcA... -I operation. (Seo Figure 21 
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When using the probe. plug the agitator power supply into line power and the 
probe plug into the inslrumenl. With the agitator IUrned off place the tapered 
probe end into the B.O.O. bottle and switch agitator "ON" with switch on top of 
probe. The probe should be operated with a minimum of trapped air in tho 
B.D. D. bottle. A slight amount of air in the unstirred region at the top of the bot· 
tie may be neglected, but no bubbles should be around the thermistor or oxygen 
sensor. 

Stirrer Dool 

Tho JJrObo utot a floxlblo tllrrinu boot to trantrnit motion from tho toalod 
motor housing to the sample. If tho boot shows signs of cracking or other 
damage likely to allow leaking into the motor housing. the boot must be 
replaced. 

In fresh wator applications boot lifo is normally sovorul years. but this may be 
shortened by exposure to hydrocarbons. moderate to strong acids or bases. 
ozone. or direct sunlight. For maximum lifo rinse tho boot alter uso in con· 
laminated samples. (See Figure 3) · 1 

Boot replacement is as follows: 
1. Pull off old assembly and clean shalt. 
2. Slide on now assembly making sure tho back spring is on the grooved area 

of the shaft. A small amount of rubber cement may be used. 
3. Check that there is sufficient clearance between the tip and the end of the 

shaft to permit turning without binding. 

Tlr 
A·00404 

SCALE 2/1 

Figure 3 

OOOT 

SPRING 
A·05485 
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Figure 4 

Ill. YSI 5750 B.O.D. Bottle Probe 

The YSI 5750 8.0.0. Bottle Probe replaces the discontinued YSI 5450 
B.O.D. Bottle Probe. It is similar to the YSI 5720A B.O.D. Bottle Probe. except 
that it does not have a stirrer. Agitation of the sample must be provided by other 
means. such as a magnetic stirrer. (See Figure 4) 

IV. Cable Adaptors 

All YSI 5700 Series Probes are designed for direct use with the YSI Models 
54ARC and 54ABP Dissolved Oxygen Meters. However. to use YSI 5700 
probes with the discontinued YSI Models 54RC and 54BP. cable adaptor '(51 
5735 is required. · 

V. YSI 6791 A and 6796A Submersible Stirrer• 
The YSI submersible stirrers are accessories that perform the function of stir· 

ring the sample being studied when making dissolved oxygen measuromontl in 
the field. The YSI 5791A stirrer can be used with the following dissolved oxygen 
probes: YSI 5418. 5419. 5718. 5719. and 5739. The YSI 5795A stirrer is only 
lor use with the YSI 5739 Probe. (See Figure 6) 

When a stirrer and probe are assembled, the stirrer agitates the sample direct· 
ly in front of the sensor by means of a rotating eccentric weight which causes 
the sprin.g·mounted hermetically sealed motor housing to vibrate. An impeller on 
tho end of the motor housing flushes the media across the oxygen sensor. (See 
sales literature and instruction sheets for· further information). 

Figure 5 Figure 6 
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VI. YSI 5492A Duttory Pock 

The YSI 5492A Dattorv Puck is dosiuncd to uuuch to tho case of all YSI 
Model 54 Dissolved Oxygen Meters to provide power lor operating the sullmer­
sible stirrers. (See sales literature and instruction sheets for further information). 

OPERATING PROCEDURES 
I • Preparing tho Probe 

All YSI 6700 Sorlos rruuus hovo slmllur IUIISUII uml ahuultl ho CIIIUt.l fur In 
tho aomo monnor. Thoy oro JlfOCiaion duvic.:os rolyinu on uoud truolmunt II hluh 
accuracy measurements oro to be made. Prepare the prollos as follows. (See 
Figure 71 

ALL PROBES ARE SHIPPED DRY - YOU MUST FOLLOW THESE IN­
STRUCTIONS 

1. Prepare the electrolyte by dissolving the KCI crystals in the dropper IJottle 
with distilled water. Fill the bottle to the top. 

2. Unscrew the sensor guard from the prolle (YSI 5739 only) and then remove 
the "0" ring and membrane. Thorouyhly rinse the sensor with KCI solution. 

3. Fill the probe with electrolyte as follows: 

A. Grasp the probe In your left hand. When preparing the YSI 5739 probe 
the pressure compensating vent should be to the right. Successively fill 
the sensor body with electrolyte while pumping the diaphragm with the 
eraser end of a pencil or similar soft. blunt tool. Continue filling and 
pumping until no more air llubblos appear. (With practice you can hold 
the probe and pump with one hand while filliny with tho other.) When 
preparing the YSI 5720A and 5750 proiJos. simply fill the sensor body 
until no more air bubbles appear. 

B. Secure a momllrane under your loft thurnll. Adt.l more electrolyte to tho 
pruuo until a laryo rnonlacus cornjJiotoly cuvora tho uolll cnthotlo. NOTE: 
Handlo mombrono motorial with core. keeping It clean and du•t froo, 
touching it only at the ends. 

C. With tho thumb and forefinger of your other hand. grasp the free end of 
the membrane. 

D. Using a continuous motion stretch the membrane UP, OVER. and 
DOWN the other side of the sensor. Stretching forms the membrane to 
the contour of the probe. The membrane can be stretched to ap­
proximately 1-1/2 times its normal iength. 

E. Secure the end of the membrane under tho forefinger of the hand 
holding the probe. 

F. Roll the "0" ring over the end of the probe. Thoro should be no wrinkles 
in the membrane or trapped air bul>lllos. Sornc wrinkles may l>e 
removed l>y lightly tugging on tho edges of tho memllrane l>oyond the 
"0" ring. 

G. Trim off excess membrane with scissors or sharp knife. Check that the 
stainless steel temperature sensor is not covered lly excess momiJrano. 

4. Shake off excess KCI and reinstall tho sensor guard. 

5. A bottomless plastic bottle is provided with the YSI 5739 r be for con­
venient storage. Place a small piece of moist towel or spon~ .• 1 tho bottle 
and lnarut tho ,,uho lrUu tha UIJIIn end. Thll koott• tho ahtatrulylll from clly· 

ing out The YSI 5720A and 5750 probes can be stored in a B.O.D. botuo 
containing about 1" of water. 

G. Membranes will last indefinitely, depending on usage. Average replacement 
is 2·4 weeks. However, should the electrolyte be allowed to evaporate and 
an excessive amount of bubbles form under the membrane. or the mem· 
IJrano bocomo damaged, thoroughly flush tho reservoir with KCI and install a 
now morniJrane. 

7. 1\lno rotJinco tho mornlnono if orrotic roodinua oro oiJsorvod or coliiJrotion is 
nut atoblo. 

8. "Home brew" electrolytu can be proporod by mokiny o aoturotud solution of 
roagont grade KCI and distilled water. and then diluting tho solution to hoU 
strength with distilled water. Adding two drops of Kodak Photo Flo 
per 100 ml of solution assures good wetting of the sensor. but is.not ab­
solutely essential. 

9. The gold cathode should always be bright and untarnished. If it is tarnished 
(which can result from contact with certain gases) or plated with silver (which 
can result from extended use with a loose or wrinkled membrane), return 
it to the factory for service. Never use chemicals or any abrasive. 

10. H1S, S01. Halogens. Neon. Nitrous Oxide and CO are interfering gases. If 
you suspect erroneous readings. it may be necessary to dcterm•ne •f these 
are the cause. Those gases have been tested lor response. 

100% Carbon Monoxide· less than 1% 1 00% Hetium·none 
100% Carbon Dioxide-Around 1% 100% Niuous Ox•de·l/J 01 rosponso 
100% Hydrogen-Loss than 1% 100% Ethyteno·nono 
100% Chlorine-2/3 01 response 100% Nillic Oxrdc·113 01 resjJOnso 

E F G 
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Fiyure 8 

II. Preparing the Instrument 

It is important that the instrument be placed in the intended operating posi· 
lion vorlicnl, tiltod, o; on Its bnck - boforo it i1 propnrod for uso and calibrated. 
ISoe Flguro 81. Aoadju1tment may l>u nucua~ory whun thu lnauumont OJUIIIIIInu 
position Ia chongod. Allor propurinu tho ,,ubo procood aa follows: 

1. With switch in tho OFF position. adjust tho motor pointer to Zero with tho 

2. 

3. 
4 . 

5. 

screw in tho cantor of tho mutur pnnul. RuudJUStrnont rnuy l>o nocossary if 
the instrument position is chanyud. 

Switch to REO LINE and adjust tho REO LINE kno!J until the meter needle 
aligns with the red mark at tho 31 •c position . 

Switch to ZERO and adjust to zero with zero control knob . 

Attach the prepared probe to tho PROBE connector of the instrumont and 
adjust the retaining ring finger tight. 

Before calibrating allow 15 minutes for optimum probe stabilization. 
Rcpol•uizo whenever the instrument has l)een OFF or the prol)e has l)een 
disconnected. 

Ill. Calibration 

The operator has a choice of three calibration methods - Winkler Titration. 
Saturated Water. and Air. Experience has shown that air calil)ration is quite 
reliable, yet far simpler than the other two methods. The three methods are 
described in the following paragraphs . 

Wlnklor Titration 

1. Drow D volumo uf wotor frum o common auurco and carolully divido into four 
samples. Determine the oxygen in throe sam1Jios usinu tho Winkler Titration 
technique ond ovorouo tho thruo vulucs. If unu of thu vutuos thllora from tho 
other 2 by rnure than 0.5 my/1, thsc;m.J thut valuo and uvoruue tho romaininy 
two . 

2. Place tho probe in tho fourth sumplo unll stir. 

3. Swuch to desired mg/1 range und adjust tho CALIBRATION control to the 
average value determined in Step 1. Allow the IHObe to remain in the sample 
for at least two minutes bcforo sotlinu tho calibration vulue. and leave in the 
sample for an additional 2 minulcs to vonfy stability. (Readjust if necessary). 

Saturated Water 

1. Air saturate a volume of water 1300·500 eel by aeracing or slirring for at 
least 1 5 minutes at a relatively constant temperature. 

( 
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2. Place the probe in the sample and stir. Switch to TEMPERATURE. Refer to 
CahiJultion TuiJiu I lor tho mull value corresponding to tho temperature. 

3. Oetormine lncal altitude or the "true'' atmospheric pressure (note that "true·· 
atmospheric pressure is as read on a barometer. Weather Bureau reporting of 
atmospheric pressure is corrected to sea Ieveii. Using Calibration Table II 
determine the correction factor for your pressure or altitude. 

4. Mullil'ly tho mull voluo from ToiJio I IJy tho c:orroction foetor from Toblo II to 
duto11nmo tho corroclut.l coliiJrotion voluo for your cond1tions. 

EXAMPLE: Assume temperature "" 21 •c and altitude • 1000 fool. From 
Toblo I tho calibr11tion voluo for 21 •c is 8.9 mull. From Table II 
the correction factor for 1000 feet is about 0.96. The corrected 
calibration value is 8.9 mg/1 X 0.96 = 8.54 mgll. 

5. Switch to an appropriate mg/1 range and adjust the CALIBRATE knob while 
stirring until the meter roads the corrected calibration value from Stop 4. 
leave the probe in tho sample for two minutes to venly calibration stability. 
Readjust if necessary. 

Air Calibration - Fresh Water 

1. Place the probe in moist air. B.O.O. probes can be placed in parually filled 
(50 n1ll 8.0.0. bottles. Other probes con be placed in the YSI 5075A Calibra­
tion Chamber (refer to the following section describing CALIBRATION 
CHAMBER) or the small calibration bottle (the one with the hole in the bot­
tom) along with a few drops of water. The probe can also be wrapped loosely 
in a damp cloth taking care the cloth does not touch the membrane. Wall ap­
proximately 10 minutes lor temperature stabilization. This may be done 
simul:oneously while the probe is stabilizing. 

2. Switch to TEMPERATURE ond roud. Refer to Table I- Solubility of Oxyyon 
in Frush Wntor, ond dotormino cohiJrotion voluo. 

J. Outormlno nlllt111h1 or ntmoaphmic corracuon lector u11ing Tollla II. 

4. Multiply the calibration value from Table I by the correction factor from hiJio 
II. 

EXAMPLE: Assume temperature = 21 •c and altitude = 1000 feet. From 
Table I the calibration value lor 21 •c is 8.9 mg/1. From Table II 
the correction factor for 1 000 feet is about 0.96. Therefore. the 
corrected calibration value is 8.9 mg/1 X 0.96 = 8.54 mg/1. 

5. Switch to the appropriate mgll range and adjust the CALIBRATE knob until 
the meter reads the corrected calibration value from Step 4. Wait two 
minutes to verily calibration stability. 

Readjust if necessary. 
Air Calibration - Sea Water 

1. Place the proiJe in mo1st a11. B.O.O. probes can be plucet.l 111 11arllally f1lled 
(50 mil 8.0.0. bottles. Other probes can be placed in tho YSI 5075A CahlJra­
tion CharniJor (refer to the lollowiny section doscuiJIIly Cahbrallon Chomburl 
or tho small storage bottle (thu one w1th the hole in the bottom! olony w1th a 
lew drops of water. The probe can also be wrapped loosely in a damp cloth 
taking care the cloth does not touch the membrane. Wait approximately 1 0 
minutes for temperature stoiJilization. This may be dono Simultaneously 
whllo tho IIIUbO II I1Uhtriii11U. 

11 
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2. Switch to TEMPERATURE and read. Refer to Table Ill - Solubility of Ox· 

ygen In Sea Water. and determine. calibration value. 

3. Switch to the appropriate mg/1 range. and ocJjust tho CALIBRATE knob until 

the meter reads the calibration value determined in' Stop 2. Wait 2 minutes to 

verily calibration stability. Readjust if necessary. 

The probe is now calibrated and should hold this caliiJration valuo lor many 
measurements. Calibration can be disturbed by physical shock. touching the 
membrane, or drying out of tho electrolyte. Chock caliiJration ohor uach sorios of 
measurements and in time you will develop a realistic schedule lor recahbration. 
For best results when not in use. follow the storage procedures recommended 
lor the various probes described under OXYGEN PROBES AND EQUIPMENT. 
This will reduce drying out and the need to change membranes. 

Calibration Chamber 

Tho YSI G07GA CollbrnUun Chnmhnr 111 nn ncc11allury 111111 hulpa uhtuin u11· 

timum calibration in the field and is also a useful tool lor measuring at shallow 
depths (less than 4'1. 

As shown in Figure (AI. it consists of a 4·112 foot stainless steel tulle ( 11 at· 

tached to the calibration chamber (21. the measuring ring 131. and two stoppers 
(41 and (51. 

For calibration, insert the solid stopper (41 in the bottom of the calibracion 

chamber (2). Push the oxygen probe (61 through the hollow stopper (51 as 
shown in Figure (8). Place the probe in the measuring ring. figure (CI. and im· 
morse the probe in the sample to be measured for five minutes to thermally 
equilibrate the probe. Quickly transfer the probe to the calibration chamber (5) 
draining excess water from the chamber and shaking any excess droplets from 

5 

- 6 

Figure A Figure 8 Figure C 

Figure 9 

the probe membrane. For maximum accuracy. wet the inside of the calibration 
chamber with lresh water. This creates a 100% relative humidrty enveronment 
for calibration. Place tho chamber in the sample lor an addrllonal frve nunutes 

for final thermal equilibrium. Calibrate the probe as descrebed m the air· 
calibration procedure. Keep the handle above water at all times. 

Allor calibration. return tho probe to tho mcasurernunt rrnu for shallow 
measurements. Move the probe up and down. or horizontally. aptlruArrnotely une 
foot a second whilu measuring. In rapidly flowing strooms luruutur thun 5'/sr.:c· 
ondl install the probe in the measuring ring with the prossuru coml)ensauny 
diaphragm towards the chamber. 

IV. Dissolved Oxygen Measurement 

With the instrument prepared lor use and the probe calibrated. place the 
probo in tho wnmpln to bo mnasured and provide stirring. 

1. Sllrrln(l lur lim YSI 6739 l,rubu can lJost bo uccurntlhshocJ wrth o YSI sub• 

morsiblo stirrer. If tho subrnorslblo stirrer Is nut u1ot.1. l>ruvltlo ntnnuulllurlnU 
by raising and lo~oring tho probe about 1 ft. J)er socond. If tho 5075 Cahbra· 
tion Chamber is used. the entire chamber rnay be moved up ilmJ down in tho 
water at -about 1 h. per second. 

2. The YSI 5720A has a built-in power driven stirrer. 

3. With the YSI 5750 sample stirring must be accomplished by other means 
such as with the use of a magnetic stirring bar. 

4. Allovv sufficient time for probe to stabilize to sample temperature and dis· 
solved oxygen. 

5. Read dissolved oxygen. 

V. High Sensitivity Mombrone 

Use of high sensitivity .0005" membranes (YSI 5776) in place of standard 
.001" membrane (YSI 5775) is recommended when measurements are to be 
made consistently at low temperatures (less than 15°C). Calibration and 
readings will be made just as if the standard YSI 5775 Membrane was being 
used. ' 

The YSI 5776 High Sensitivity Membranes can also bo used in certain 

situations to increase sensitivity at ternperotu(es about 15•C. Tho ranges thus 

bocomo 0·6 and 0·1 0 mull. When calibration with high sonsitivrty mornbranos 

It otturnptoc.l 01 IOIIIJ)CifDIUIOI \JfOIItCir lhon 1 s•c tho selector IWitch 11\Uit bo lUI 

to 0-20 mg/1. Multiply tho calculated calilJrotion value by 2. For oxorntJio: at 
21•c and 1000 ft. altitude tho calibration value would be O.G 11 2 or 17.2. 
Rernembor the 0·1 0 and 0-20 mg/1 ranges ore no~ 0·5 ond 0·1 0 rnu/1. and all 
mg/1 readings must be divided lJy 2 for a final reading. When operating in this 
manner accuracy will be degraded slightly. 

VI. Recorder Output 

Red and black recorder jacks are provided on the YSI Models 54ARC and 
54ABP. if you wish to record data while measuring. The high terminal of the 
recorder is connected to tho red tip jack and the low terminal to tl~e black. Out· 
put of tho YSI 54A at full scale is betwe"n 114 to 136 rnV. 

Use a SOK or highor ir.·•l impedance recorder and operate it with .the tor· 
minals ungrounded. Tho~ .)rdor should be oporotod with its torrniuals un· 

grounded. Calibration of the instrument should be checked alter connection of 
aL _ -- ---~--
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Many roconJora hovo on odjuatolJio full acolo sun1111vety fuoturu. Whon those 

rocouJors oro usod with tho Modul 54 A, uso tho 100 nulhvoll rnnuo ond adjust 

tho full 111calu churl ~ulloctiun whun thueu is lull sculu mutur ~ulluctiun. nolor to 

the instruction book for the recorder. For recorders without this loature, a simple 

divider network as shown below can lJe constructed. This is adequate to adjust 

the signal lor full scale chart ond muter dellection on tho 100 mV fixed range 

recorders. 

VIII. Calibration Tables 
Figure 10 

Table I shows the amount of oxygen in mg/1 that is dissolved in air saturated 

fresh water at sea level (760 mmHg atmospheric pressure) as temperatura 

varies from o• to 45•c • 

Table I - Solubility of. Oxygen In Fresh Water 

Temperature mg/1 Dissolved Temperature mg/1 Dissolved 

•c Oxygen •c Oxygen 

0 14.60 23 8.56 

1 14.19 24 8.40 

2 13.81 25 8.24 

3 13.44 26 8.09 

4 13.09 27 7.95 

5 12.75 28 7.81 

6 12.43 29 7.67 

7 12.12 30 7.54 

8 11.83 31 7.41 

9 11.55 32 7.28 

10 11.27 33 7.16 

11 11.01 34 7.05 

12 10.76 35 6.93 

13 10.52 36 6.82 

14 10.29 37 6.71 

15 10.07 30 6.61 

16 9.85 39 6.51 
17 u.ou 40 0,41 

18 9.46 41 0.31 

19 9.26 42 6.22 

20 9.07 43 6.13 

21 8.90 44 6.04 

22 8.72 45 5.95 

Source: Derived from 15th Edition "Standard Methods for the Examination of 

1 A Water and Wastewater.'' 

... -~ . 
( ) 

Table II - Corrocllon for Atmospharlc Prosaura 

. TalJio II shows thu corructiun foetor that should lJu used tu curroct tho colilJro· 

leon value lor tho ellocta of atmospheric prossuro or olutudo. Find uuo at· 

mospheric pressure in the leh hand column and read across to the right hand 

column t~ determine tho correction factor. (Note that "true" atmospheric 

pressure .'s as read on a barometer. Weather Bureau reporting or atmospheric 

pressure es corrected to soa level.) If atmospheric pressure es unknown. tho local 

ultitudo may be substituted. Select the altitude in tho center colu111n and read 

across to the right hand column for tho correction factor. 

Table II 

Atmospheric Pressure 
or 

Equivalent Altitude Correction 
mmHg Ft. = Factor 

775 540 1.02 
760 0 1.00 
745 542 .98 
730 1094 .96 
714 1688 .94 
ODD 2274 .D2 
004 2084 .uo 
609 3400 .uo 
654 4082 .86 
638 4756 .84 
623 5403 .82 
608 6065 .80 
593 6744 .78 
578 7440 .76 
562 8204 .74 
547 8939 .72 
532 9694 .70 
517 10472 .68 
502 11273 .66 

Source: Derived from 15th Edition "Standard Materials for the Examinahon of 
Water ond Wastewater." 

lfi 
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The temperature-solubility rela.tionship of oxygen in sea water is not the same 
as that in fresh water. For this reason the compensation error when used with 
sea water is greater than when used with fresh water. For a ± 5°C span the error 
could be +2.2% or reading and over the temperature range of -2° to +30°C the 
error could be 6.3% of reading. 

Toblo Ill - Solubility of Oxygon In Soo Wotor 

.,. 

Tamp. 
oc 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

SOLUBILITY OF OXYGEN IN SEA WATER 
(Chloride concentration 20,000 mg/1 I 

Solubility Temp. 
mg/1 •c 
11.41 1G 
1 1. 11 17 
10.83 18 
10.56 19 
10.30 20 
10.05 21 
9.82 22 
9.59 23 
9.37 24 
9.16 25 
8.96 26 
8.77 27 
O.GO 20 
0.41 29 
0.24 30 
8.07 

Solubility 
mg/1 

7.91 
7.78 
7.61 
7.47 
7.33 
7.20 
7.07 
6.95 
6.83 
6.71 
6.60 
6.49 
0.38 
0.28 
0.10 

Source: Derived from 15th Edition "Standard Materials for the Examination of 
Water and Wastewater." 

( 

_Corrcctinu for Salirlily 

Whun mcasurinu drssolvud oxyycn in water samples with a salinily or 
chlorinity between sea water and lresh water. calibrate the instrument lor fresh 
water und rnukc your measurements. Then correct the data according to the 
lollowrnu lorrnulu: 

FOIIMULA: 
IC!i/Cu{ff • SoiJ 

A .. M ( t.O • I S I) 

Where: A = 
M = 

'Co = 
• Cs = 

Sf -
So = 

'NOTE: 

EXAMPLE: 

DO .. 
Temp = 

Suhnity "" 
M • 

Co • 
Cll It 

Sl = 
So -
A = 

a 

= 
= -= -

Actual DO of sample. (mg/1 dissolved Ozl 
Measured DO with instrument 
Chlorinity of oceun water 120 o/oo Cl ion) 
Chlorinrty ol sample (o/oo Cl ion) 
DO of saturated fresh water at 760 mm pressure and at 
same temperature as sample (mg/1 DO. obUlin c.Jata horn 
charts in instruction rnanuall 
DO ol saturated ocean water 120.000 mg/1 Chloride ion) 
at 760 nun t>rcssure and at same temporuture as sample 
lmg/1 DO. obtain data from instruction manual) 

If salinity is used instead or chlorinity tho ratio Cs/Co 
is computed using 36. 11 o/oo for Co (salinity of 
ocean water). and the salinity of your sample of Cs. 

Mtwsurcd D;Jta 
4.1 
22•c 
J 1 o/ oo sahnity 
4.1 m"/1 DO from dolo 
30. 11 o/ ou IIUhruty from manuul 
31 0 o/ ou IIUhiiiiV frUIII cJUIII 
8.8 mg/1 DO lrom Table I in manual 
7.1 mull DO lrom Toblo II in rnenual 

1[31.0/36.11) [8.8 7.1 )I 
4. 1 [ 1 .0 • 1- 8.8 I) 

1[.86) [1.7)) 
4. 1 [ 1.0 - ( 8.8 )) 

(146) 
4.1 [ 1.0. ( 8.81) 

4. 1 [ 1.0 . 0. 1 66) 

4.1 [0.834} 

3.41 rng/1 

( 
, , 
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DISCUSSION OF MEASUREMENT ERRORS 

Thoro are throe basic types of errors which con occur. Type I errors oro related 
to limitations of the instrument design and tolerances of the instrument com­
ponents. These are chiefly the meter linearity and resi$tor tolerances. Type II 
errors are due to basic probe accuracy tolerances. chiefly background signal. 
probe linearity, and variations _in membrane temperature coefficient. Type Ill 
errors are related to tho operator's ability to determine the conditions at the time 
of calibration. If calibration is performed against more accurately known con­
ditions, Type Ill errors are appropriately reduced. 

Individual Sources of Error 

This description of sources of error can be used to lttach a confidence to any 
portlculor reeding of dlasolvod oxygen. Tho ..,articular oxornplo glvon Ia for a near 
extreme aot of conditione. As a gonorollty, ovorall error Is dlmlnlahod when tho 
probe and Instrument are calibrated under conditions of temperature and dis­
solved oxygen which closely match tho aomple temperature and dissolved ox· 
ygen. 

Type I 

A 

B 

is the error due to meter linearity 
Error • + 1% full sella of the measurement rtnge. 
is the error due to tolerances in the instrument when transferring • 
reading from one range to another. Error • :!: 1% of the reading. 

Type II 

A - errors due to probe background current 

B 

c 

( 
Meter Reading mg/1 

Error • 1.0% ( 1 • Calibration Value mg/1 
errors due to probe non-linearity. Error "" :!: 

) x Calib. Value. mg/1 

0.3% of reading. 

error caused by variability in the probe membrane temperature coef­
ficient. 
Error • zero if readings are taken at tho calibration temperature 
Error • % 1% of mater reading if readings are taken within s•c of the 
calibration temperature. 
Error • % 3% of motor roac.ling lor oil othor conditions. 

Type Ill 

A - errors due to the acct...acy of the instrument thermometer when used to 
measure the exact probe temperature during calibration. 
Error • :!: 1.5% of reading. 

B - errors due to the assumption of mean barometric pressure. 
Daily variation is usually less than 1. 7%. 
Error • :!: 1. 7% of reading. 

C - errors assume an ability to estimate altitude to within + 500 ft. when com­
puting the altitude correction factor. 
Error • :1: 1.8% of reading. 

D ·-

( 

errors consider the possibility of only 50% relative humuJity when 
CilhlulllllllJ thu JJrubc II the actuill relative hunud1ty IS 50% instead of 
1 00'' .. thu urrurs w1il be as follows: 

C11libration Temperature ± C 

0 
10 
20 
30 
40 

Error in percent of reading 

(.) 0.3 
1·1 0.6 
1·1 1.15 
1·1 2.11 
1·1 3.60 

E xauntJiu of 11 TyJJicul E 11 ur Culculutlon 

Tho example g1vcn presumes the au cahl11"t10n lochniQuo If cnhbrutton is 
done w1th iltr saturC~tod wattor. the rolattvo hum1thty cons1dorotton IIII·DI is 
chmuoulud If thu W1nklcr cah!Jrutton method is used. Type Ill errors arc delolod 
ilnd rcsJiacud !Jy tho unco11amty auubutable to the over nil Winkler dotcrmmatton. 

Data: Instrument calibrated at 2s•c. elevat1on estimated at 2000' ::1: 500', 

Type 

lA 
IB 

IIA 
liB 
IIC 
lilA 
IIIB 
IIIC 
I liD 

normal barometric pressure assumed. calibrated on 0·1 0 mg/1 range at 
7.8 my/1. readings taken on 0·20 mg/1 range at 10.5 mg/1 ate•c. 

Description Calculations Error mg/1 

Linearity = .01 X 10.5 mg/1 - .10 
Range Change = .01 X 10.5 mg/1 - .10 

( 10.5) 
Probe Background :: .01 X 1 • 1':ij 7.8 mg/1 • .03 
Probe L1ncar11y = .003 X 10.5 mg/1 - .03 
TomJJ. Compensation = .03 X 10.5 mg/1 = .31 
Temp. Moasuromont .. .015 X 10.5 mg/1 ... .1G 
Pressure ... .017 X 10.5 mg/1 = .18 
Altitude - .18X 10.5mg/l - .19 
R.H. - .01G X 10.5 mu/1 - .17 

Moxunum Poss1hlu Error - 1.2 7 mull 
Probable Error -± .GJ mg/1 

Considering a stallstic;JI treiJimcnt uf the proboblo error Dt ilny ttmo lor any 
instrument. il IS hkoly lhill tho actuill urror in any muasuromont w111 be abuut 
1/2 of tho IJOSsihlo crrur. In th1s case tho probable error is alwut ±.5 mg/1 uut 
of a roadmg of 10.5 rnu/1. ur 4.8'X. uf tho readmg. 

INSTRUMENT BATTERIES 

Battery replacement or recharging on the VSI Model 54A is indicated if the 
"red line" adjustment cannot be made or Oz calibration cannot be achieved. 
(Wara1ing: a faulty probe will also not permit Oz calibration.) 

To replace batteries remove the lour screws holding the roar cover of the in· 
atrument. The four batteries will be found on tho battery terminal board lnaido. 
CAUTION: disconnect battery charger on YSJ Model 54ARC before removing 
cover. 

.. ~ . 

'.·. 



."! 
0 

I 
,I 

·; 

., 
: .. =~ 

.I 

'! ,., .,., .. 
.:.,1 ... ,. 
~ ·.·, . 
:~-:·t~ 

:• I 

. ·.·:.· 

... ·_; 
, .. , 
.· ·:: 
,.::.: 

.: . 

.. 
. ·· 

-· 
+ 

+ 
........ 

..-. 

+ 

+ 
L..l 

Figure , , 
Tho YSI Modal 64ARC contoin11 lour 1.25V Ni-Cd bollorioa IDurt~oss CD6 or 

equivalent), (See Figure 11 ). These bollurios should llo rochuruod whon tho In· 

strumont can no longer IJo rod lined. Uattury ltlu ahould lJo tluoa yut~rt or lonuor . 
Deeper discharge because of longer intervals botwoon rocharuo· will result in 
shorter battery lifo. The boilaries should bo rochorgod overnight, ollout 1 G hours 
with the instrument olf or 20 hours with the YSI Model 54ARC turned on. 

The YSI Model 54ABP contains four 1.5V carbon-zinc (Panasonic UM-2N or 
equivalent). The life of those batteries is 1000 hours. Replace batteries every six 
months to minimize danger ol corrosion due to dead or leaky batteries. 

Battery holders are color coded. Positive ( + button) 'end oiiJattory must go to 
red. (Sao Figure 11) . 

WARRANTY AND REPAIR 

All YSI products carry a one-year warranty on workmanship and parts exclu­
sive of batteries. Damage through accident. m1suse. or tampering will IJe re· 
paired at a nominal charge. il possible. when tho item 1s retumod to tho factory 
or to an authorized YSI dealer. 

If you are experiencing difficulty with any YSI product. 11 may IJo reiUrned for 
repair, even if the warranty has expired. YSI ma1nt;uns coml)lote I&JCihlios for 
prompt 1ervicing lor all YSf products. 

YELLOW SPHINGS INSTRUMENT CO .. INC. 

SERVICE OEPAnTMENT 

P.O. BOX 279 
YELLOW SPRINGS. OHIO 45387. U.S.A . 

PHONE: 513·767-7241 
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APPENDIX B-5 

REDUcnON/OXIDATION P01ENTIALANALYSIS 
OF GROUNDWA1ER 
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FIELD MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL 

Method: 

Reference: 

Sensitivity: 

Optimum Range: 

Electrometrfc 

Beckman Instruments~ 1987 

1 mv 

-999.9 mv to +999.9 mY 

Sample Handling: Determine on-s1te or wi~hin 4 hours 

Reagents and Apparatus: 

1. pH meter 1n absolute m1111volt mode 

2. Platinum combination electrodes 

3. Beakers or plastic cups 

\· 
I 

4. pH buffer solutions, pH 4 and 7 saturated with a few crystals of 
quinhydrone 

5. Deionized water in squfrt bottle 

6. All glassware soap and water washed, followed by two hot water rinses 
and two deionized water rinses. 

Calibration: 

1. Short the meter glass and reference inputs and adjust the STANDARDIZE 
control until zero millivolts is displayed. 

2. Place electrode in pH 4 buffer solution saturated with qufnhydrone. 

3. Record mV reading and compare to chart on Table 1. 

4. Rinse electrode with deionized water and place fn pH 7 buffer solution 
saturated with quinhydrone. 

5. Record mV reading and compare to chart on Table 1. 

6. If mV readings do not agree within ~ 10 mV of the Table 1 values at 
the given temperature, follow electrode maintenance procedures 
described in the attached manual and recalibrate. 



t • 
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Procedure: 

1. Calibrate meter using calibration procedure. 

2. Pour the sample into a clean beaker or plastic cup. 

3. Immerse electrode 1n solution allowing several minutes for meter to 
stabilize. Make sure the white AgCl junction on side of electrode is 
fn the solutfon. The level of electrode solution must be 
approximately one fnch above sample to be measured. 

4. Rinse electrode with deionized water between samples. Recheck 
calibration with pH 4 buffer solution saturated w1th quinhydrone after 
every 5 samp 1 es. 

Notes: 

1. Eh 1s temperature and pH dependent. Therefore, the temperature and pH 
of samples should be measured at the same time as redox. For ~ 
refrigerated or cool samples, use refrigerated buffers to calibrate 
meter. 

2. Weak organic and inorganic salts and oil and grease are interferences 
1n Eh measurements. If oil and grease are visible, note on data 
sheet. Clean electrode with soap and water, polish with scouring 
powder and rinse with distilled water. Then recalibrate meter. 

3 •. Before going into the field: 

a. Check batteries: 
b. Do a quick calibration with quinhydrone saturated pH 7 buffer 

solution to check electrode; 
c. Prepare fresh quinhydrone saturated pH 4 and pH 7 solutions daily. 

4. Following field measurements: 

a. Report any problems: 
b. Compare with previous data: 
c. Clean all dirt off of meter and inside case: 
d. Store electrode as follows: 

1. Slide rubber sleeve into position over the filling hole. 
2. Place cot over tip of electrode by threading platinum wire 

through opening and slfdfng cot onto glass body until porous 
plug is completely covered. 

[wpm1 sc-800-43] 
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Table 1 

Redox Potentfal Calibration Chart 

Quinhydrone Saturated pH 4 Solution 

Temperature •c 
Theoretical Value (mY) +258 mY +263 mV 

Quinhydrone Saturated pH 7 Solution 

Temperature •c 
Theoretical Value (mV) +92 mV +86 mY 

Instrument reading should be w1th1n ~ 10 mV of Theoretical 

[wpmfsc-400-12] 

+258 mY 

+79 mV 
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WAAAANTY 

Y- •"' (pHI"') 10, 11, 01 12 pH Metlt Is --..d 1:1 bllrM ol manufacturing MIKU lilt- (1) 
,.., from llle date ol purcllase. Thil d- notinct..de q deiKU !till IN !he ,. ... of IliuM Ollllil.s.e 
of the inllnlmenL kkln&ll fnswments. Inc., w&. c l!e:kman'a option, Nl*' 01 Npilce JIIUt ~ 
""Ill will! a ~table Ullil. Thil ia a limited.........,. Yournar ~~a .. addilional rigllta Uftder ,aur Nte 
laws. ..... rlet att IIDC ifiCtuOid in IIIia warTIIIIJ. 

WARIINQ: 17lia eq~ ~-- -., lVIII catlllcfell redo hquwlcy 
-vYIVIII ,.., e&IIH tllltf-ID..:tc ~IiOtta. ~ Nllll­
llfcwl 01 moacatioft o1 the~..., ac.w .. ttwf__,., lila...,. 
tailed IVIIIIOVIIIIID comply will! the bel W a Clau A ~-.a 1/111-
•ant 1D $ubp&tt J ol Pill 15 til FCC ,._, wfticll M deliflnld ID ~ 
-lonabif p!OIIICfion ag...., 1111:11 ......... a Ci wMrt fiPeNIId ill -
~.,....__., 

0p.Ntioft o/lhia eqviprneftlllt a ............ - ... , ClaCIII ..,...,.,_, lit 
whit:/1 UH f11 uMr II Ilia own t.Qa"W .. Ill teqlli/ld ID Uit will­
_. ..... ,.., Ill teql#ld ID ~ fll .....,_,, 

BECI~MAN 
4>' .. 1 0 pH Meter 
4>™11 pH Meter 
4>' .. 12 pH/ISE Meter 

«> 1187 a.eman ~. Inc. 
Scitttlil'" ~ Divilioft 
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pH MEASUREMENT ~--= 

L SET\JP 
~-...-.., 

0 {9 .i-9 <D <D .r-... 

OR~ B 
~1 
C) 

SM.IPU! u ST'D1 U STD2 P,.p&IW Ceianind • Clilllled .. ttr 

,~aample. PrtFt,. bullers (e9 .• pH • and 7). b tlec:toee ...... 

0 
Nl 't~ 

(II Oonil ,.,,,,_ I 0 bl-b' ® Dioplay 

COftlbitlllicft ·~ 
...... 

II UNCI. 

R~~~ 
(2) m: opliDNL ~.0 ~ 'lim on and c1e1t 

Conlltd tltdradU 10 inlltumtN. lnll"'"*"-

H. STANDARDIZE 

0~/ 0[JJ <DbJ-tv 0 Nar ~..,.,. 
l&slling. cliiPty 
_.rudpHGI 

ST'D1 0,l:J STD.1 

~ RinM tlec:uDdt(l). ll!lmtrst~l) ,._@1Mn(5 BIGI_.r&. ~ ST0.1. $tit britf!J. • 

0~/ 0fl] . (!) b; ® NW ~IIOPS 
lullinS. clilplay 
... rudpHGI 

ST'D2 liD STDZ. 

l UID :1 
Rinse tltclnldt(s). lnwnnt~s)ln ...... (!). lS:'C t;;' • 

BIG!-... S'Tt) 2. Sllr britfty. 

ln. MEASURE pH 

0['/ 0[fj ...... (!) tv 0 ,., ~ 11111111 
lutliftg. cliiPtJ 
_.lUll pHd 

0 
..,.,... 

Rinlt~l). ~ tltdradt(l) In l S.'tl :1 
BlcllncUL wnple. Slir llrielly. ,_0· ·~'C s. 

FOR MORE DETAILED IHST"FIUCTlONS ON pH MEASURE.MEXT. SEE NEXT P.-a£. 

MEASURING mV AND RELATIVE mV (c1>11, cl>12) 

MEASURING CONCENTRATION (c1>12) 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 
AND TROUBLESHOOTING 

SPECIFICATIONS 
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pH MEASUREMENT: DETAILED INSTRUCTIONS 

M[T)I()OS: 1lle pHI 1Q. n. L"<d t2 c.n .,.......,. pH "- 0 to \Ut 'T'My -..1 pe<1otm - or -
po;r. -~ 1~ • ........; any butler b'.-d be-. a anylo~,. 
e.- -soc L"<d ,oo-c, 

ITAHOARO pH ~ ltECOGN!nD 1'Y Tl4E pHI 10, 11, AHD 12: 

1.11. 4.DCI. 7.DCI. 1Q.DI, 12.4 

TWO.JI'OIHT ~ IIETHOO: 

~ -"'dlol'd'1221ion. lhl ~,.rr.d and,.,. aa:ur.la IMihoCI of pH--­
lhcuil:: be .-4 wt>en pH aceuracy of r:..yond t a. I pH II ,...uirod. UM buflll'l u -
a, rw """"'" pH as pouible, ~ ~. and - beiOoo ~ aumple, ll&lllple pH il 
llboul 1.5. ... 7 .DO and IQDI pH buflll'l). 

OHE·I'OINT S'WIQUICIIZATIOH loiETHOO: 

~ ~llof\ I .-...NI I&N< p<OC~..,., II -P\ded oNy I (a), 
ICanC'J of t Q.l pH llfll i1 IC:C:I~ and (b), ~ pH il wiiiWI 1.5 pH olltlal of !lie ..,........: ... ~ 

pH MU.SUIWIDn'~ 

\. c..nn.c McWdi(I)ID ~ .... 1): 

a. 1 a com!w>allon -=- II used, COMeCI l ID lhl it>polllftiiQcl "pH" • 
.. ... ~ ~,... .. IJNd. COMeCI.,. lnclicaling llecwde llllhl ~ ~ 

"pH" and ltll l'll.,era tlearcdl ID lhe Input lll&l1oaCI '"REF" • 
C. for t..n.r ac:c:uracy, Of wNn III&Uur\ng llftdiDt IIIMV 1iZiftg • a lernperallll'e of 

-11\&n 25"C. COMIC! I 8Kkman St811S~c Tt~ 
c:.c.mc-- prct~e to Input lftiiQcl "ATC': 

2. ,._ ~.,""' on iNiniiMtt. rwn press CD to dell. Dilplay wil ..,_ (Or. Alr.'O~ 

~ ,..._ ~1(1) (and ATC if uwd) wilh deionQ~ -"' lllcl -•sa. 
4. ~ tltcllodt(l) (and IJC I uM<I) in lln:t ll&ndanl. Stir briefly wilh elK!~ 1D 
~ bubbln from tiKitodt surftuL l'resa 0c_o,spaa.,.cs pH value willla'4 1 
~ of OD'I. II 0.1 ..sollllion it dtsired, press (ij. 

~ l'ress (ID. Wllefl I«> I stops flashing. lfaplar wil a'- jpH walue lOcked. 

-s>, ~ ~ 

& "-'- elecllodl(s) (and IJC prctle I.-d) witll delonizK wa1at lice -IlL I'I'OC'IK 
ID ~ aep. ~"'!liD desired '1'1>1 of~ 

a. I ONE-POINT lland&ld'&Uiion IIID be used. lnslrumef'( II ,.a.dy b sample --"*>!; Pf"C"d ID Slip t. 
.. • I lWO-I'OINT IIIIICIU!Iiuliof> lllleliiM. piOCied Ill Slop 7. 

7. .,.,_,, Ncttodl(s) (and ATe I UMd) 1r> -.c~ -a/0. Slit brielly will> lledroeos 
ID-butlbles ,_ eleclrode sutfaces. l"!wu (!!). Wlwtl[ ez> Jllopa 1u1>ift;. 

.,._., wil .,_ 1PH wa~ue locll8d, <1P. ~ J.. ~ ·~ 
I. ..._ eleclrudl(a). (and 1J'C prct1e llllld)....,. cMioniad -· lice --. 

I. ~~ tleato:le(s) (and ATC 11/Md) in ~ Stir brielly -..M etecllodeL Prea 

0. W!Mift [ <Z> I stops ftullif>9, lfcsplay wil •'- jpH walue locUd, CZ> ~ 
..................... ,_ a>mplela. A.po&l SlePI. and'·- b ld<fOoonal Um;>IH. 

1Q. I~ pH~ it dtsu'ed, ~sa EJto tum all I>4II1J Rud funelion.. 

MEASURING mV AND RELATIVE mV (4>11, <1>12) 

MEASURING CONCENTRATION (4>12) 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 
AND TROUBLESHOOTIN.G 

SPECIFICATIONS 
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pH MEASUREMENT; PRINCIPLES AND THEORY 

Tho pKJ tCIII\1'12 pH lolettt ll uunlldy 1 ~one. wol\mtter •~II • lftlci'Dcomputor 11'111 
lranaltttt ""!Utt tnd tom~rot .. ro dtu "'t.o p;< YF>Aa. I>J. ~·c. 1M oCt &I ~H a\eert>Co t'f$\0"' 
~lops -5!1 rrN pet pH Ul'll ""rou&. Will 71JO p;4 • 0 rrN. 

St&nc!t~lutlon a now. 11'11 "''ttl 1o tom~-..ta lor not>olclaaloloe1rodo cii&BC1onattc&. en. 
poont ll&ndlrd•zaliOII ..,pet'lllltl k>' ~ oi!Mc '!WI>poinl ll&nd&ldiz&liotl ~n&llal tor both 
mi!Woll oiiMI and siOpl ~- S11 4iaor&111 t.lcM. 

,. 
~~----~~~----+-----~pH 

Tho pHilO, 11, and 12 m.ty H otan«UI'dlzr. wiUI I"J Of flw al•ndtrd pli llufl_,: 1.11, ~.00, 7.00, 
10.01, lnd 12.45. Stane:arC'.z&tiotl "'ly be ~'led with I"J IWO bulftrs, used in I"J Older {and II 
anyte~ra!.,ra.ll A'l'Ci& used). ~n(i!}• ~.1M ins!rumanl•utomalically~iZH 1"-lllll' .. t 

Tho ro~hip t:r.w.tn pH and ell<ll'OCI ~~with te~roturl. For priCiM pH 
IMUUroll\lnll or ll~raluru nee cloH 10 Z."C. a 8edt!TIWI5t8115 ATC ~tic Temp.ratiM 
Compot\WO<) PI'DI>I sl>oulcl be us~. Wll\ N ~. 1M ii•Anlft,.nt 1\IIOIII&ticaly componall .. tor the 
11mper11ure ~c:tt-.icl ollhl tul!tr, ~ 1 sampl• 10 bl musuroa aJ tuty le~rature. -n 
• dilt1ront 11om the lluller 11mpera1uros. We~ 1t1e inll,_nl measures and displayS llmper.surea 
trom -s·c 10 'IOO"C. 

II an ATC pi'Dbe is tt0t .....:1, the Nlru.....C Olillaulll and dilplayl 25"C. 

E illhl ICilal pallftlill, ill milrrwl!s. c!~ _, lhl Hnsing and,.,_,.,.. I~H: f 1 _.. 
with the choice ,. eltatoc:es, ltrnperalura. a."< ;ll"eSSIM: 2~F is lht Nems1 lac:or (A and F art 
constanll. ~ illhe cl'~a on ltle ion. lndudi-1; ,;;..,_ Til lhl temperature ill d19rw1 ~). and •. il 
thllldMI\' ol,. ion 10 .wuclllhe litcltoclt • ta;oeonding. 

Fot lullhlr ~iotl on pmciplet at..:,_,. d pH __ , NIH 10 Thllecluna11 HllldboOJI 

d Appfled Ellclloctemillrt {Beckll\&n Bu ..... 77311). 

MEASURING mV AND RELATIVE mV (~11, ~12) 

MEASURING CONCENTRATION (4>12) 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 
AND TROUBLESHOOTING 

SPECIFICATIONS 
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FOR ACCURATE mV MEASUREMENTS WITH THE t11 OR t12, THE 

FOLLOWING ITEMS ARE RECOMMENDED: 

--~ 
pH ind~ ~~ ""'"1. 

ll Fvtura II~ we. !.'tC _,__ 

1. <;i? NOT E. If c~ pH t~ec..,.,. ia IIM4. 

Omrl M;>L'D ~ liOci1DCM 

(rtom2.~ 

~--------------------------------I ::::::> 
1a. 

Melllllc t~ ~ 2 11V11 prt1 _,_ • 

c=:::l WID 
pln-t~IINC adaplllr. 

~-------------------------------
-

' ) 
1b. -!~ 

lon-Stlec!M ·~ -"1111!~ conn.aor 

( (;---:·;;-----~~ 
(or U.S IW'C!anl- • US.-~ 

111>-BNC~ ... ___________ 

C'j7 51 sa:::> l!elerwnce llecl1:Q. Fututa L 

2. 
c.ble wii.IIZ ,_ ;.-. ~ Futura D. 

[ = NOTE: Omll~ loiearode i-lioll 

pH·~·--

3. G Standard~~ .. \lie 

appCcalion. 

B Clean bi&Urjs; • ~~~ c::lnlainerjs). 

4. 100-250 mL. b ~ ltllldatd 

eolution(s~ 

5. ~ @3 Squirl bollll or~~ deioniud or 

OA dislrlled -· b IW'ISing eiK:It>c:H. 

6. ~ 
O.an -IL ~-; ec.. b blon•NO 

e'-clrodn. 

7. [3~ The umpll .,. -wed. 

For pan ,.,mbers, sH "EIItCirodtl. &ufters, and .-ccnsorils~ 

For rrN meuurwmenl proc~urws.. set ncrt page. 

MEASURING mV AND RELATIVE mV (4>11, 4>12) 

MEASURING CONCENTRATION (4>12) 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 

AND TROUBLESHOOTING 

SPECIFICATIONS 
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rrlV ~EASUREMENT: CONDENSED INSTRUCTIONS 

I. SETUP 

0 j) 0 0r-.. 
@ t3 $4MP~ BOA 

E5 $?..~ Prepare ~odor c!lltlliK 

Prepare~ --.on. I'Teparesam~ wa!er let eleelrode IWIM. 

0 ,, 0ty_ty 0 O.Spgy 
dread: 

~.8 I rt,. I ~~] -
Tum on ancl Clear 

~ ·~ ~ ins&Nmel't. N\rurnenL 

U. mV MUSUREMENT, ABSOLUTE. FOR RELATIVE rrN MEASUREMENT, 

SE.E Ill, BEl.OW. 

·- I 08~ . OA 0fij""""' 0 bJ 0 ~· 4P 11011'1 flas/W'o9. display 

\) SAMI'l£ 

.,;a ,..., abaolv1t 

H10 I" 0 
rrNGI~. ,., 

lmmern elecWde(s) In 6 15.2 I RinM~ ~or aamp~e. Stir 
BlolacnsH,O t>nolly Pre11@. lS:-c ; 

For RELATIVE mV Measurement, 

Proceed with following steps: 

Ill. mV MEASUREMENT, RELATIVE 

I 

0.~'#'/ 8 ~ 
®fi:1R 
~~OARC 

0 ty_ty 0 Aller CZ> SlOpS 
ILu/Wig. diapqy 

El,EJ 
...... .., 0000 rfill 

REl rrN 
JnvneM eleclrodes ill 
IW>Ciatd solution 1D bt 

RinM E1eatadls. UUd ID eNblis/l Ztrll 
Prnl E) ~~~en EJ. I CCOD I 

i!.?oc ; 
Bioi PUll rrN poir'IL Sllr t>nolly. 

08~ 
® 

~~ 
0 tv (!) Aller. CZ> IIOPI 

ll&sllirlg. displar 

B 
.... ..,,., .. ~ 
1M~ lhe~l&nCI.': 

Rinse~ 

BloCes::en 
JnvneM llec!roclel In I ~oamp~a. Sbr llritlly Press0. 

NOTE 

INSTRUMENT WilL REMAIN IN RELATIVE rrN MODE UKTIL 

EITHER 0. E). OR CD IS PRESSED. 

OSS.'f 
~s:-c :!t 

FOA ~ :::ETAilEO INSTRUCTIONS ON rrN I.IEASUF\Er.IEKT. PROCEED 10 NEXT PAGE 

MEASURING CONCENTRATION (4>12) 

INSTRUMENT FUNCTIONS AND FEATURES 

I 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 

AND TROUBLESHOOTING 
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mV MEASUREMENT: OE'TAILEO INSTRUCTIONS 

ftN MUSUAf:WEHT: TYPICAL USU 

Some liNt ol the rrN IN>dt ""' m~ ~ ro~lona, quanlltying lor\1, ....s clot.....-, 
ltlt O'llcl!zln~ucl"9 po1onUal (ORI') r:l 1 ~ ~pie. B.uvu sue.~ rntUo~rem.nta aro o.IS<I&iy 
no1 ~illc lot a pa"ic;;lar oon cw ~ roo6'9 - bot norpttl..:! Cltllurty ID obla.n rM&flln9!ul 
rHulla. The uwr ahol.ie: ~ II'. 111'1'1~-o; d ~ rtac:".>Otl thai ill oca.rnnro. cw II o.ancs. and r:1 
any~ COI"'pon.nts UO.. eoutd poll~~ Fo< rncro O.cailed ~ !Mr 111 the llecMI&II 
Hand~ ol Appl'ted ~.ry ~ a.-in 7738). 

n.. rrN mode mrr a lao~ "* •M ~~ ol~rodH. Tile rtlatt.. rrN mode un ~ 11* 
In 1M Hlncllrd eddiUon cw .undard ~ -lhod r:llon INitysi&. 

STAHOARO SOUITlOH{S) 

Mau11p approplillo Hlncltrd tolutloll{a)IID Pfi'W4d• kllown ¥Ortage(al. dtpertdlng on 1M rofentftCt 
eltelrodl uatd aiWIIM t.mpe,.1urt.. For ou."!!ppa. common sundardt Ln..:! in- rMUurotMnu 
att pH 4 and pH 7 bul!tlll Htu~ wCII ~ 

1. Connect.~ • .,·~""* 
a. Connldlncfocatin; ~~ Ill inp.~ .....-cl •pH". A PitHo-BNC lodap101 ....,. bot ~ u 
~ metalk •*ctnx!ts ~ a ~ c:ann.c:IOf. 

II. ConniCl rtltrtneo ~.nx:t ID inpwr .,..... "REF': 

I. ,,.... ~ID 111m 011 instnmltl'(. "'*' I"U m 10 dear. Oiaplay will,_ I Cit. Alflt) J. 
:t. Ainat eltc:II'OdH ..M ~td- lllcl -a. 
4. lrnmii'N .~ .. in desired-..-... ,._ 0· Displayed va1111 is ac•- rrN. u lndiea~td 

~~y diiP'rr r:tl ': ~ WNft I <S> 1 S1i:1P1 w'lin;. d~ay ,.,. .,_I rrN rud•ng locad. <Z> ~ 

1. ,..,_, S~ llhrouOII 3 r:l trN ~ .PROC£0URE. ~. 

2. lmmi..J».,tlectrodu in ll&rtdard ...._._10~ ustd IO..Ubl'llh IN 1..0 trNpo;... ,,...,(';"'~, 
INn lZ.). When I cz, I Slops ~ c!~ will read I 000.0 rrN ). Neat lila!. 1r1 rrN ~ 
pneuing ~ tauuo the ins::'vmlnl t: ~ the H<O rrN po.n1 at IN vaiYt oliN cyrronl 
,.&ding. n ells>...:!. lila ••P rn&y bot..__ .S any lime 1D ~h IN aro rrN poont. 

:l ....... eleclrodel ....., di<>Nztd- llcl ~ 

._ lmmei'N elldrocf..s in aamp1e. ~ 0. ~ .,.,.,. II #MIM rrN. u indaiH by d'~r 
fill AE.Li"" J. When I«> I SIDPt ~-~Y will show IMI'IP'I rolaliwe rrN 'falue ~. 

<S> J. AbloiUie rtN rt.O.n; oliN a.~ liOiution is IIUII:>tntlied)' sublradtd '""" the abaoiUie 
trN reading oliN wnpla, .... u~~r~; in a roiZ>we rrN roading tor 111e ~. 

I. I~ INdoul r:l ralaliw rrN II dHirtd.. preu SID turn oft AoiiD R .. d lllncUon. 

NOTt 

VOLTAGE 01~ IETWEEH STAHOAAO 
SOUITIOH AHrJ SoUl~ WUST NOT EXCEED 1000 rrN . 
M.UIIIUW OISI'\.AY R.UtGE IN rrN MODE IS t ttU rrN. 

NOTt 

IH rrN WOOE, ~E Str.u ALITOWAT1C TEMPERATURE 
COWPEHSATCII P'IIOS£ WAY IE USED FOil 
TEWPERATUAI /IIE.J.51At!JAEHT AHO DISPLAY, IUT 
DOES NCT HAVIE AHY TDti'EIUIIJII.E..COMPENSATING 
£FF£CT • 

MEASURING CONCENTRATION (~12) 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 
AND TROUBLESHOOTING 
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FOR ACCURATE CONCENTRATION MEASUREMENTS WITH THE +12, 
THE FOLLOWING ITEMS ARE RECOMMENDED: 

1. I 

(~ lo,..Stltctlw tlr".JaO:» wi111 aHC -· 

~--------------------------------

1a. ( -: ) lor>-StiK!Iw ~ willl U.S.IWICI&rG 
COMK".ot +U.S. D'Catll·ll>!~ ICI&P~-

I ~~ 
AtitNIII:e ·~.._I. 

<3!;2_ "5 iilt'oa:J Futura ft cable-. 2""" pill-. 

2. c:.: NOTE: Otpelldill; OliN apl)f~ 1 1&11-

briC9e "' ~I'C*Itleclrode may 
be ...... 

'1\oo IWIC:&rd -=- al apptllprialt 

~ L1 
~lltl'lfion, -~!rom 11W lillli:lwillg 
valu": 1~ UQ. ~ 10.DQ. 25A 50.0. 100.0. 
250.0. 50C. I/ICI 1000 Ullils. Conctnntion can 

3. G be nprasecl in II'IJ ~ uniiS IUCIIU u ppm. 111M, mgl\.. - ~II. 
lo!au up !IIese lOlL.._. per procldure 0< by 
d"~UiinQ aiiOdL IQiu:ion 10 suit ,ow< r.quiltmtnl. 

NOTE 
CONCENTRATION UNITS FOR lOTH STANOARO 
SOUJTIONS MUST IE THE SAME AS OUIRED FOil 
SAMPLE READINGS. 

- --- --

t3 E3 lwo clean beautS "' equivalt,. COfllliNtS. 

4. app<Diirnately ~~0 fill. lot COIIIIinins !lit 
two stancw IOiutleln&. 

;~ 

~ 
Squin l:lclllt "'~· ~ Cleiollittd"' 

5. ·""· . distilled .. * lot ~ eledrodn. 
,H,OI OA 

'···"" 

6. ~ 
Clean -IS. ~ ...... ttc.. lot blonlng 
e~ee~roc:u. 

7. E3 SAMPLE 
The lltn;>ltiD t. a::>tU-~. 

Fe< Pall numbers, Stt "EI«tra:u. Bulftrs. and kctUOtieL" 
fot concentration meuuremen1 prou<:uro. ttt next pag.. 

MEASURING CONCENTRATION (<1>12) 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

BATTERY REPLACEMENT, SERVICE 
11 Nn TJ::UliiRI F='C:I-U)nTIN(.; 
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FOR TWO-STANOARD OPERATION 

J. SETUP 

G) <D 0 

~. £. B &Uo!PLE ~ .. §3 
Proparo "oeniud 011 

Proparo _._ di4Ciftl. 1&.0·· lDO dllt>lled water lot •~• 

&tid IODO~ 
p,.p-wnple. Mat. 

0 

& 
0 0 0..:>'-!' 

I btb 
...... d: 

l!l ~,GJ I a,. I S~tr: lliD 
( IS£ REF pH ATt; ) -

'Aim Oft &tid ell at 

eo.-~ 1D .__,._ lr\stru!M,._ 

II. STANo.u:miZE 

G) 0 0 b'-bt 0-<ll>tn:Q 
lulling. ptDar.1. 

8'~· lm.~" EJ~
 CON: 

I 

I 5.0 0 ··1.:. 
Pross E). INn preu 

~rtptlll~unli 
lS-p-c -

~~it-.-=-. 
lnvnerw tlldi'Odes In ~ ._. SlaneanS 1 ® 

8101-1-.p SW\d&I'C! 1. Sur t>r;elly value. 1 g .• s.OQ 

0 0 0 b't 
@ ~n <II> s:n 

8'4' 
lulling.~. 

~ 
liD cc-.c 

STANOAAD2 l 
. 

Prtu(]!) :o.no ., ... 
' rtptll,.,ly unlij ?SD'C -"j n 

cl>$1)lay$-

,..,..~ _.,.,.."' elldrocas in SWICard 2 1/&lue. ® ··-- Standard 2. Stir brillly. e.g .• 10.t:IO. 

ln. WUSUR£ CONCENTRATION 

0 <D 0 b' 0 Aller <Z> ~ 
aas~•~.c!~d 

@'Jj/ ~ 
read cone.-~ 

8 - U!npl&. 

SAMF>LE 
CC";C 

I S"c ·:j.:. .... ' 

~~---
-ISe •IICIIOCI<Is in 

zs_o-c.; • n 

llal....a. sample Stu bnarly , .... s. ® 

fOI' 1.01'1£ ::JEVJU:O INSTRUCTlONS ON CONCENTRATION I.IEASUREMENT. PROCH: -:'0 

NEXT'HGL 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 

I 
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The lollowtt~ p.roc~ IMilong ,.,...."""'-~~can to. ""ed IC ~uurr ~Ill 
Ions in &Jrno.t any -IW 11N1a. 

S'TANOAJID SOLI.ITlONS: 

St.ndordo can bo 11\ldl ,_ ony TYJ>4 tJI -· •lUI conunt,.tlono Mlocte<!'""" 1M 
loll-lt>g vaho~to: 1DO, 2-SO. s.oo, 10.00. 2U. SC.C. 100.0, 2SO.O, sao, oneS 1000 11~ 

Units of conetnllr.ic:tlfNY bt ony IN! L'1l .-lnds _..._I'll.. COHCEHTP.ATlON UHfTS FOR 
801l1 STAHOAJID SOUITlONS IIUST 8l 1)1( SAME AS DESIRED FOR SAIIPU RUDIHGS. 

SoiT\I tu "ni)IH of 11nil1 are: ll&f'l per ft1illcr\. ~nt. rnoiH per liter, ~lll'.s per biDiat\, 
mim.quivaltna per tit~ &nd ouneerpw ~ 

StiKI two ot.Pidard valuer u clow u ~to !he anllclprlt<f wmplt ,.,~ •• Pftle..toly 
•MOlle tl&ndtrd..wlut below &nd C>M ~valut tbcMr the S&lllpiL FQ<~ t~ ... '!l:ll 
Is &l>ovl 150 miUIITidu per I!Uor (nMJ, -• ~ $1&1\dlldo ol100 mM &nd 210 mM. II sample 
concenfrat.,., wan. ....:-~r. Ill<~ a.re- 10 molal &nd 75 molal,~ liP- cl 
10 moW &nd 100 molal. 

SI&Pidlldo and nmples sllould bt a!lht - ""'Pel'lrlurtlo .-.oielllrnperatu1Ntpendal't 
'N'Iabonf Ill .. ad" .. 

SW>dtrd &nd I&JT\1)11 D.=ns may ,.quirlloftir: llreflglh 
adjllllmtl'll or irole~ io:a'l....-.1. Consullaltcmlde 
lnS1ructioftt Ill< detaiL 

• 

CONC£HTRATIOH MEASUREMENT ~ 

1. Connacr aleetrodu 10 ~ropriatt ~ 

2. 

:l 

7. 

a. Conneo ior>-stiK'.,.. t~ 1D "PA mar'loecl "'SE". 
~ Connec:l reltrln« eleC:rodt ID q:,..c rnatllld "REF"'. 

I, in addnion 10,. ~ alaaroda. a cor'rlbiNhon 
pH t~t i1 Cl>'lNQIC 1D lilt inst,..,.,.nt AHO ia to bl 
ll»mtrud in lht - ~ DO NOT USI I ltpatala ,.,,,.net rt!K"JOCIII. 

PrHS(IDton.n 0t1 insiNmo~r.. ~press QJ1o dew. Orsplayd show! Clr, NJ1t) J. 
RonM tlteltod• will> dtiol'lln~- lil:rl -. 

~,_, •-u in h s:.tw:&t::'~. PrrtsS 8. tlltn press~~~ rn&"f ~ u MKtd 
lor !he oonunlraJion n!ue Ollht frr:. a. -a.., ID ~ Otllht d;spt•r Wl>en irs ptM.s..: ,..,.&J.cy, 
1/ll ~<Splay SliPS l/l~h lht I~ ..alues· 1.00, 250. S 00. 10. 2~ 5.0, . 250, 500, a"" 1000 
tonttnlratoon unou ~ ••ample. I 11'11 c::rr"ICinlratoon ollht ·~~arcs is 100 uriU. ~rns ('!'f),..,._ 
llmts &nd tr>t display willl>Ow J 0: l. Yo~n 1 cS>) llcp$ ftutwng. eospl•y wiB shew 11~...-!. 
cS> • ,. ~I 
Rinse alteltodes will\ ~tioninc - E:IDl ncau. 

lnunerw eiOCVOC:ts in SKond -.-: ~ The li,... and sKOnd SUnd.,ds rn~ bt C:O~trt!'ll. 
1M can to. rnusured in any ore.< P:a:s ~~~many tmes u nttdtd tor"' cfa;rtay ID"""" !he 
conc:anlraJron value of tht ~~ ~. 1-9-, 250. When I cS> I SlOpS ftuhi"'il. lfosplay d sl'lew 
I 2SO loc:Ud. cS> • ,. .:.). 

Ronse tiKI«• Willi dtrOnQtd - 811:11 -.sa. 

I. ii»INII'II tlteltodes in urnple. !>:as 8· When (cS> 1 ~~~s ~a.shong. displly.,;a s.-1 um:lo 
value loc:~. cS> ~ t.leuul"fme-l ia ,._....,complete. Repeat Steps 7 and I. a::.o... b Ac:~o:Clf\&1 
samples. 

I r c:onaruous corceruation ru~ il desirt<f. ~u 81> tum o" Auto Road luf\CIIOI\. 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 
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ELECTRODE CONNECTIONS 

COHCEHTR.l nON 
ELECTF\OOE 
liS£). 

REFERENCE pH or D1 
ELECTROOE. E'~E. 
2 mm PIN 8-NC.l'P£ 
CONNECTOR. CO..~R 

T£t.IPERAT\JRE 
SENSOR. 
1'1NSM11$ 

BNC-TYPE 
CONNECTOR 

t 

' 
DO HOT USE IF / 
C0hi811UTIOH I 
ElECTRODE IS 

""\ I 

DISPLAY FEATURES AND STATUS INDICATORS 

STATUS 
INDICATORS 
(10) 

AUTO 
REAO 
INOICATOAS 

DISPLAY 
.._ TM la"Qe d'oglls show 1M lollowing: 
~ 1. Rudou1 c1 till rnouur~ .vial>le: pH, rrw. Ot __ .,WL 

2. IC1tlil displa,..cl, lndoca:.tlllll\a! inslnnnerl is Cleared.- (!:}a ptaMd. 
~ It-menage: 

JEri indocatts an nces,..., polenlially d~ ir\:U -;t. ~ uua~ by 
Sialic ol..:tnc:rty wt\on 1111 eiK\rode pair is na in ~ In 11111 c:ase. ...,_,., 
elec1rodu in S<IMion. prou (!) and proeo~ we--. IIJE•Jl9ain 

..._ .... appe&t'i. (Mek COIIMC1a\l and •lecltodes lot pciUiblo _.. ciraM. 

o..-., Tho small d9U d'<&ptay lemperllurl in •c. w• read 25"C I J:t: - piU!IQid n 
rCl 

AJJTO RU.D OHIOFf lnditllor lo< AUTO READ ON/OfF /(ly ~ sut>wQuenlly. 
AUTO READ Stat"' lndlc:ato< (~ eyml>ol). F"naiana _....,. s:anc:a...:iZahon and when 
ln11rumont is in AUTO moe:._ ""ing sr•naarr!iuriott, 1M eye ryr..:.at oars ilulld'IQ 
•l'lln ~is prent<l. and toc:Q on •h•n 1111 rudong t\u ~.....:. 0\ITWjj umple ITIIISu,. 
lfWIIIf in AUTO rnoc:t. tht ,,.. rymbo4 raru ilullong wl'lln a ..Xt lory ia presMd, and loekS on 
•llln 1M rud.ng 1\aJ S1ab>laed. The rud'ong ri~M>"' ~ ..-d • moe:• U)' ia pressed. nan 
Interval OllllP'"'""'a\Oty 30 minufu olapus Wltl'lolll a V.,. t.r.n; ~utd, 11'11 ins1rument turns 
011 a,_.nutty to c:onurvt 1M wn1nu. but ,.ta>,. aiiiU~~oOn Cla'.a in memory 

STATUS INDICATORS 
lnd'>C&,.I thai ATC is piUfX~ in. Tho ins1Mnenl rneasur.s ~-.c: 6s;>la~ wnpera!uro within tilt 
~· 0( -!'C and 100•c Otsploy OI(ErJ indic.atll ltl.alll'll ~~ HI'IWd a OUUICe tt>t 
ft>tUuttll>erl ~·· 0< 1111 ATC 11 nontunctoe>nal. 
lnd'ocatu trw ATC is not pl\r;;t<l in. The temperaturw rwad'n; ~ ID ~·c. 

lnc:icatts 11111 ins111.1ment it in pH modo . 

lnclicaleS IIIII ins•rumont is in rrN mode . 

Indicates IIIII instrumenl is in rol•tlvw rrN modo. 

C:' lncf'ocalts 11\at inSI~nl ia in COftCent,.~on mode. •12 Ot'IJ 
1 lndicalts that one st.andlrC t\u bttfl ust<llo Nne:! I~ ..,. ::-.. ~t<l meuu111ment moc!o 

II" SID (pH 01 CONC). 

II" I 
SID 

II>Cicalu lhll rwo standarCs P\a\1 btln LtWd 10 Nnd•diz• ""~~'~~ wlooc'.t<lmeuur'tment moc:t 
(pH 0< CONC). .. 

7/ Indicates a quuhonablo oloc:trode andlor standan:liza:oe>n 

T 
{3 

Indicates lhM banones slloulcl bt replocod. 

INSTRUMENT FUNCTIONS AND FEATURES 

ELECTRODES, BUFFERS, AND ACCESSORIES 
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.. ILUVOLTS 
(o1 1, •12. orVyj 

RESO~IJTION 
(pH only) 

KEYPAD 

AIJTO READ 
ON/OFF 

KEYPAD FUNCTIONS 

CONCENTFIA T10N 
(ol2 only) 

NINIMnl OHIOFF K.y. ~n OFF. 1M lnswmenc..uiN IN Und&rclizalion d&la in_.,.,..,. __,.lhuls ol! au10fn&!caJI'f a~e< 30 rninUIH ol ~~AUTO RUO io ON. (See ::.loor.) 

C:J.w JC.y. 0.113 lnSITVINnl, -O!!Jn9 al Slafld&rcliDJion dJLI 10 ~tfauh Yafues, afiCI ~ 
iMir.r.>eniiO AUTO Mo<:o, 

A.IIID Road K.ry. Turns AuiC Rud luncloon ON and OFF: 
t. Whon AuiC F.ud os ON: 

&, Tho ,......, (AIJTO( ~arson lllllfiSp!Ay 
II. Tlot insrrv~Nrlf .. S'.5 lilt tl«trodo ti;n&J lot ~~il'y Ovri~ lhiS lfl:. I ~ l 

lul'l•s ON •"" OFF. Whon 1111 signal 1\u m•IIN r.a>hty reqweme"' 11ft 
SPECIFlC..O.TIONS).( ~ )~Wma.ns on ton!Jnuousty. and 1M d'9•LIIIf~tllxa 
oniCiho rood•nQ. No tu!'llle< rneuul9ments ar. mado utn~ 1 lwy is prua:. 

~ Mar 30 rninUits wMOUI ~d input. 1M ins1tvrnlnllvms oil a~ ::U 
~e~&ins &II s:arod&~IUiion dala. 

2. Wilen Au1o Rud os OfF: 
a. JAUlO) dos&~ptars lroon display. 
II. Tho ;,.,,.,,.,,,. c:cn~Jnuousty measures a1ICI d;spt&y> in lhe w!Kiee ITIOOr ~'i.. 

rrN. 0< CONC. 
~ IJior 1 10 2 ''"'"' -«houu ~d input. 1M inslru,.,.nllurns olf •u~"y ::.ul 

tw~iM all sL&nd•r~•UIIOII dolLI. 

pH RH<>Mion hlullon K.ry. CN11911 resoiUiion d 1111 displ•~d pH ro•d•"9 lrom ::-: 10 Q.l 

pH -.or .;covers& Alll\e lower resolulion (0. 1) • ...,.,. rltqui•ed 1o< lhe Auto Rud 1D Do. is 
a/ICnM (Sft SPECIFICHIONS~ 

S.wa. lht rrN modo ~HI 11, pHI 12). 10< ITIUSuteft'lenl o/ Oill'ler 1tsolc11 or rol&l,.,. 
~See MEASURING rnV AND RELATIVE rrN. 

So~ lht concrnll'llflon rnu1111'1mtnl modo (pHI 12). Used '""n spe<iroc ion~ 

Slandorclllt Key. Sl.lnd&rdizn insll'lltnefll. Deperods upon modi, 
1- pH Moet: JSJOI Key cauws ~~>• inSirumtfll 10 aulornJiocally idrnlily 11'\e pH vak.e <I e-.. 

t>ulltr &om l"'f ont ollho ~o~~ow;,g: 1.61. C.IXl 7.1X1 1001. and 12.4.5. 
II. .W ~ (pHI 11, pHI 12): JSJD] Key calMs the instrumeniiC u~is~ ll'll ~~ 

"""-l II tilt value olll'>e turrtnc ruding, lns1rumenl is,_ in Atltl,... rrN mocle. 
c. CONe Moe• (pHI 12)' Rtpelled pta~;,g ot(SJ,_D) .c.y causes !he inslrumeniiO ~ 

lhrough 11'\e fo11owi1>9 uquenct o1 .alun I .CO. 2..50. ~ 10, 25. SO. 100, 250, 50C. a.-.! 
1000 c:oncentr&lion units. 



1. FUTURA II ELECTRODES 

COwauo.nON U.ECTliOOU: 

Glasa Body ~~. A.lll&blt 
Glul Body CalotMI. R.lll&ll6o 
E~ Body CaJomtl, RdB&Ille 
~Body~ Rofil&!>lt 
E;cy Body ~ Gel F'-.cl 
E pcmy Body, S :w ~AQO Rei'A&Ille 
Glul Body, Slat ~ Rt!W.&.* 
Fl.: 8w1b. E~ Body 

lUCTROOE PAIRS: 

J*jiHOIC.CING fi.ECTROOES: 

o-~ pH, SpMric&J BlAb 3I3M 
D-11 pH, Oomt Bulb {Oura:lle] 3111311 

II£FEREHCE ELECTJIOOES: 
Calomel Han c.a. o--tr Fat ....._ 
Calomel H&lf c.n. c...,;,: fftl oUICiDn 
J.Qi~ H&lf Con. Ovaru Fat N'CIIon 
CaJomel Hall Ctn. $1._ Oout>lt Jon::liofl 
Calomel H&lf Ctn. I~ SlH4 .i.1nc:1io11 
~Han CtD, ~ SlH4 Jurocsion 

Stanc!tl'd 
I' • \12' 
~ 

3&S27 
31U31 
35&:11 
3111131 
3M37 
3952C 
39523 

Pro~ Ttr1·'1\i~ 
t-IC' alii' t.l'aHmm 

31UI 311522 
31S2t 3115~ 3152t (7'] 

31&31 
31&33 31135 
39&32 3$130 

ME'TAlliC fi..ECTROOES-

31211 
3127.1 

2. FUTURA II KEEPER CABLES 
COMBINATION ANO INOIC.tJ'ING REFERENCE ELECTROOE 

El.EC'Tl'IOOE CA!Il.ES KEEPfR CABLES 

1111. 8NC Cann.act 5m7l , .... 2mm Pill Connec!Dt 55185182 
2Ift, BNC Connecu>t' 5m7V 2m. 2mmP111Con~ !51851&3 ..... BNC C4nnKior 517!.80 ..... 2rntll ~Ill CoMeciDt 5989S.C 

3. SALT BRIDGE: 563853 

4. SUBMERSIBLE COMBINATION pH ELECTRODE WITH ATC: 39530 

5. AUTOMATIC TEMPERATURE COMPENSATOR, 598115: 
P.l'n'oils It~ ""uurw .... nc &lid Cf&Splty, &lid ltmperwlurt 
com;>o ~ ot pH &lid iot>-ulecliw •~n. wiiNn r&Njjt of ·!'C ID 
100'C Epcmy ~- For UH wit!> N/>dlr:1 ~inch (13-cm}tltetrodn. 
lr>c!udeo 3r (I ~or)~ will\ minialurw phone )8ck. 

6. ELECTRODE ADAPTORS: 

1Ull2 Sltndol'd to 
8NC Adaptot 

112357 PIN le I!INC Adtptot 

Ad&pts GlaSs E leclrodt (GE) 8NC ltrminal 0t1 

pHl S.11411 pH M.,trs ID eccornmoc::ott 
MclloOu willl U.S. sw.:: an1 CoMtcu>~ 

AUPIS Glau Eloaroeo (GEl 8NC ltrmi"'l on 
pHI Series pH Mo1011 11> acccnvnoc:ato 
tiK!rodes .,;u, PiN ConntCICn. 

lypically used tc coi\I\K1 mfl&lltc aii'C'JO<:n. 

7. BUFFERS I P.ck l'owdtr 
or Pin~ 1 Gallon 5 CoDon• (Colorlou) 

8. 

pH c Burrer (rod} 
pH 7 Burr., ~· .. n} 
pll 10 Burr., (blue) 
pH 12.45 

FILLING SOWTIONS 
Ducr1ptlon 

$!2517 566001 
$!2511 566003 
$!2525 566005 

eo.,DiNiiOtl EIKirodt F"olr.nc;r ~ cw N;J"9CJ Rofttonc:o 
Eie<:l~o F"lling SoluliOtl (CM ~ Ul1n!.c!: 1D ~ ustd 
.....,. ~AQCI internals) 

Atloronc:o EIK!roda F"tll.nr;; SoiiAOl tylurattd KCliD ~ ustd 
'llrilll Calomel itlterl\lls) 

Elecvodt So&lung Solut.ocn 

S&ft B""-• Solution, Contains ~ Nrlrato &lid Soef•um 
kl~ll 

F"rlon9 Solution. IM, KCl S~ura:K WCI AqCI 
(SW·Sttits o-n only) 

9. pHI START·UP KIT: 
~&31 Eloellode. Cable. Tht~r\Sa:O<, Sample 
8uf!ors, FiU""'' soluto<>n 

10. pHI STANO LAB ORGANIZER 

11. pHI DEWXE FIELD CASE 

12.pHI SOFT CASE 

13. pHI MOUNT, WALLISHELF BRACKET 

!82&22 3005 
582823 3007 
!1282C 30151 

3010 

Quantity Pan No. 

4~1Ck d 100 ml 56&467 
ben los 

4pack d 100 ml 56&<68 
bcr.les 
4pock d 100 ml 56657'6 
l>oe'Ju 
4ptck d 100 ml 56646!1 
bot'Jtl 

4-pack o/100 ml 5589<:1 

Pan No. 

123135 

123136 

12J12S 

123127 

5519190 

. --- -·- -·' 
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'!bur .,c."· 01 12 ii!XJ"'9red by- l! d lrl......., ~ u.;..o.c ~ ilt ...... 1.000 ,_~ 
tJI COI\Ili\UOUS operation. Rt;>lac.,...,.. t>a:.o,.,.s c.&n bt ~ t>r ~I'&.~ No. t457~ !rom yovt 
b:£1 B~ olfw:e. (ln U.S. Ul ~7~-:n.o~ 

Mfr 
[l~m lncsu.triel 
~ eor-rsoon Inc. 
Salt Mva!IC*I Ban.ty Oiw • 
Tacf...., 

NOlA 1/\at !/lese banor .. s..,. 3.! ,odllilhivm ails. Do 1'101 ~ ~ ~ v..m willl U ..ell 
&~~Wine 01 carboft.zinc: cella. 

I insWI!'Itrt d'ispt.y lnOa~nlow ~ ~ {G) r11 I Clii;:Dy il :ol&tll when inllr\llnll'l il 
turned OF\, bantrin ahould be repland: 

1. Re,_ 2 Pl\illipa ~ and bo!1D1n c::o-e< lrom lniiNment. 
2. UIIMolel wn•n.a. 
~ Ncu (+)and(-) martr.ings lrl bantry~ 
4. CMd< ( +) and (-) marltin9s on baNnts and iNtf\ •-

lloiPORTAHT: A ""BREAK-IN• PERJOO Of UP 10 30 loiiHVTE$ :S REQUIRED WHEN 
SOME NEW U'TMIUM BAITERIES ARE FIRST P\.JoCEO IJol'lO saMCE. OVRING THIS 
PERIOD. THE LOW B.IJ'TL'IY SYM&oL AND SOME "'G~· MAY APPEAR ON 
T11E OtSPL.'.Y. If SO. L£AV£ INS'Tl'IUMENT ON FOR 20-X WN.JTU AND THEN 
PRESS CD. THE LOW BA.TTERV sYMBOl ANO "'Gtt()S';NO SHOUlD DISAPPEAA. 

TROUBLESHOOTING PROCfOURE 

1. Dioeonntctelklrodt Qble(s) from inslnlment. Preu@)ID 1rr.1 cr. O'Sin.lmont. 11\on press (Dto 
dear. Dosploy sr-ld 1-'- (Cir, .lUTOJ. II not. rwplace wr:.nes :;10!' !.Ci£FIY REPLI'CEMENT, 
~ If tnStrwnent is atoll lno!>era!Ne. caa Serviee Hell Line: ~-6217. 

2 Insert ont end ol 1 poper Clip into 1M IFNI holt irl tile Ct<U< d ~ -pH- input CDnnoetct Hold L~• 
Oilier end ol 1M die to tn. iNoC• w,..( olllle aame connec:or • s:=wn . 

3. Prtu 0· V..n (![).The cf&S;Iily llhouiG loc:l-' pH 7.00. ~a on•i)Cinl st&t\dard<ZIIICln 

1. II insll\lrMnt J)UHS Int. po 1D St•P '. 
b. If instrul!'ltnt tais test, tal S.rric• Hoe Line: ~.Qr. . 

.&. ReconnKI pH alc".nldt ~ 1o ·pH· input conr-. Stoat: h C'QU1 e:>nneacr oltt>e cacl•. 

~""Dip 

Pr•u 0•nd V..n ~- Displor should loc:l., pH 71!0. ,.,_G). 111en rtm,_ p1per tlip. 
Rtacf~ snould dtill. 
a. II inSiru,..nt pusH -· go 1D Step S. 
b. II inStrument r.u t.st. ~~ Bttkmln EltcllocNtnistry ~: 

~$4.8067 Outaiclt Calilornia 
~ Wllhin Catillomia 

I. Rec0111'4Ct pH electrocle(a). Immerse eleclrode(s) In pH • IMitltt ....: pert>rm OM-point 
IWidartliulioft. Then immeFM electlode(s) In pH 10 buflef-- pH rel<fong loJ. 2~·c. tn. 
reading s/lo.lld be be-n 1.7 and 10. I pH . 
a. If 1M, .. , is I)&S5td. tile pH me•••. cable, ...ct altclroc:e(s) n t..r.-c:iQn;n; ~rly. --· ~ ........ ....-._.... •.• ;.~"~·:r, 
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~ ,WIIO pHI11 pHIU 

IECIOUII 
,.t.lfT IIQ. 123122 12313:1 123134 

pt1~ 

~ 010 1UipH 010 1UipH 010 1S.J9 pH 

,__._ D.OI. cu D.OI, 0.1 D.OI. 0.1 pH ..... 
(SMc::lele) pH- pH unll 

~ /ICI::.nl:y t D.Dl pH to.D1 pH t Q.01 pH 

Nftl~loladl 0.1 pH RtsoiY1ion: O~play loci~~ &lltr l'l1adin9 il liAble- 1.C -
lo< ~ NCOnCis. 

Q.01 pH RtiiOI.rtion: Display loelcs &llor l'l1tdin9 il11&lllt ~ Q.5 "'*' 
lo<INCOIIdl.. 

lu!tn Rec:cgnizld lly inllrYI!'Itnt 1.68. •.CC. 7.CC. 1QD1, 12.,5 pH. 

MIU.I\oQ1 
WEAS..JlaENT 

Rallfl - -HU Ill + WU rrN ·HU 111 + tiQ.J rtli 

~ - 41.1.,. 0.1"" 

,_,_, - t 0.2"" :1: D.DN Gl :1:0.2"" t~ cf 
rulliftg. l'l1Wiw rrN rea4onv. "~ rrt1 

1-ue "-' lolode - Display lacb aile<,...,.'\ illlatllt wiWn Q.5 _, 

lo< I Mconcla. • 

~ 
M£AS;,CfN£NT 

"" k;;;;rrq -
I 

Nitti F!ul! Woclt -

Usta!>io $:andanl -....... 

-· .. 
T~JU.T\JRE WU.SUREME.NT (ALL loiOOEL.S) 

....,.. -soc 10 100•c 
~0.1"C 
At:ont::<t"""" S.Ckman 598115 P~): t o.s•c 

MISal.LAHEOUS (ALL loiOOELS) 

lnpl: e.:.nn.ctiont: 
t. IIC ~ 1o< pH. ""· and conctnltalion . 
Z. ~ pin- lo< refrronct tiKlrode. 

- :1: 0.1 "" 

- Oisplty locks after 
rlallin9il~ 
wilhin Q.2S rrN b 
I leccnc1&. 

- 1loo valuH. In .,. 
<*ired- Mlecac: 
ltomlht~ 
1A U 5.0. 1C. 2:!.. 
$0. 100. 250. ~ 
and 1000. 

S ~phone jae~ lo< BKIIINn 598115 Au1omahc Ttmperaturt Com~nwiC< 

~ 'lemptratu<e: t5"C 10 4Q•C. amb•tnl, non-condonsing. 
P'D-w- s...n.: 1loo 1111Wm cons. :u 'lOlls tact\, M Size . 

frJDJ~: 
t. ~1 ~;o (al mollu) 
2. ~ ccmpensa1ion ,.,..rune~~ 
S L.., t..canes 
C.~ tiK1rodM!andardiza•iotl . 

Siu: !.2 inches • 3..8 onchet • 1.3 inches. 



E-11 

Platinum Combination Electrode 

Catalog No. 13-639-82 

The Fisher platinum combination electrode combines a 
silver/silver chloride reference elemel'lt and a platmum-wire 
indicating element in a single P."Obe. This "dual element" 
configuration eliminates the need lor two separate 
electrodes and is especially appicable to measurements in 
narrow-neck flasks and other restric:ed-entry receptacles. 

The platinum combination ete:trode is recommended for 
use with automatic titrators anc similar electroanalytical 

•Jipment. The close physical j)foximity of the porous-plug 
,uid junction to the platinum-We indicator section results 

in reduced resistance berween lhese elements and 
produces a rapid dynamic res;xmse for both redox 
measurements and potentiomemc litrations. Additionally, 
the electrode is ideally suited tor any application that 
involves the measurement of oxidation-reduction poten· 
tials or requires the use of a ~notl'e metal" sensor. 

The electrode measures 5 ifiCleS wrth a 30-inch lead. and 
functions over a -s• to 1 10"C temperature range. The 
filling solution is 4M KCI satura!ed wrth AgCI (Fisher No. 
So-P· 1 35), and flow rate at the jomeion is less than 8 p.l per 
hour at an 8 em head. Referencs output is 44=: lmV vs. 
S.C.E., while junction resis:ana! is less than 10K ohms. 

INSTALLATION 

Place the platinum combination electrode into service as 
follows: 

1. Remove cap from supplied 511i~solution bottle, and 
screw on dispenser spout 

?. Lower rubber sleeve on elec:rode body until filling hole is 
exposed, and fill reference cavrty with electrolyte until 
meniscus reaches a level a;::::rcx:mately If• -inch below 
filling hole. 
NOTE: Always use 4M KCJ solution saturated with AgCI 
(Fisher No. So-P-135) as tr.e electrolyte. NEVER USE 
SATURATED KCI FIWNG SOLUTION. 

3. Place electrode upright in Er.'lpty beaker to permit filling 
solution to wet and flow through porous plug, as 
evidenced by formation of KG! c::ystals on outer surface 
of plug. 

NOTE: If no "ow is observed within 30 minutes, or if 
response is unsatisfactory curing an analysis, soak 
electrode in dilute KCI (0.1#.1) lor several hours, and 
then perform the following procedure: 
a. Hold electrode (cap up) at a 45" angle between thumb 

and forefinger on left h~. so that filling hole faces out 
and is directly opposite base of thumb. 

b. Insert dispensing spout i1to liDing hole. 
c. Make sure that electrode is supported by base of 

thumb, then firmly press spout into tilling hole to make 
an airtight seal. 

NOTE: Normally, spout tip wi& not touch internal 
element; while applying pressure, however, care 
should be exercised to prevent contact. If necessary, 
cut off a portion of the tip. 

d. While maintaining seal, sc;oeeze filling bottle firmly so 

that electrode becomes pressurized. 

NOTE: A bead of liqwd should form at liquid junction 
in about 30 seconds:'" some cases, however, it may 
be necessary to maHr:ain ;Jressure lor several 
minutes. If flow cannot be established, refer to 
REJUVENATION sec!IOn. 

4. Mount electrode on su~ holder and connect jacks to 
pH meter. 

OPERATION 

For optimum operation witt\ the platinum combination 
electrode, observe the following general procedures: 

1. Rubber steeve should aNiays be lowered on electrode 
body to expose filling l"de and permit proper electrolyte 
leakage. 

2. level of electrolyte mu~ always be maintained above 
surface of sample solution to avoid backflow of sample 
into electrolyte. Refill re~erence cavity as required. 

3. After removing electrode from one solution and before 
immersing in another. the outer surface should be rinsed 
with distilled water. 

STORAGE 

Whe.' not in use, store the ;:Uatinum combination electrode 
as follows: 

1. Slide rubber sleeve into j)C$tion over the filling hole. 
2. Place supplied cot over tip of electrode by threading 

platinum wire through ~ and sliding cot onto glass 
body until porous plug is completely covered. 

REJUVENATION 

Rejuvenation of the platin:..m combination electrode may 
only require a simple clea."'Jng. Occasionally, a more 
thorough cleaning is requl!'ed. or the porous-plug junction 
may have to be unblockeC. Each is covered separately 
below. 

Simple Cleaning 
A simple cleaning of the ~e is done as follows: 

1. Wash electrode surface Wl!t. a good detergent 

NOTE: RBS-25 detergent (Fisher No. So·C·181) is 
recommended. 

2. Polish platinum wire ~ scouring powder. 
3. Rinse electrode thorousnry with distilled water. 

Thorough Cleaning 
For a more thorough clea'ling. perfonn the following: 

1. Connect tip of large cabie pto..Jg to negative terminal of a 
22V dry celt, then immerse tip of electrode in a 1 N 
solution of hydrochtonc acid. 

2. Similarly connect a platnum or graphite electrode to 
positive terminal or dry cell and immerse tip of electrode 
in same solution. 

NOTE: Hydrogen win evolve rapidly, and the metallic 
electrode will be cleaned by electrolysis in 5 to 10 
seconds. 

3. After cleaning, disconnect both el~trodes and rinse 
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each wrth d•stilled water. 

Unblocking the Junction 
If the liquid junction should become partially blocked. 
perform the following: 

1. Inspect reference cavity for crystallization. 
~ If crystals are evident. proceed as follows: 

a. Remove filling solution by shaking it out through filing 
hole. 

b. Rinse cavity repeatedly with distilled water until al 
crystals are disolved. 

c. Refill cavity with fresh 4M KCI solution saturated witt1 
AgCI (Fisher No. So-P-135). 

CAUTION: Never use saturated KCI as the electro­
lyte. 

d. Repeat all of step 3 under INSTALLATION. 
3. If difficulty persists, perform the following in sequence 

depending upon the severity of the blockage: 

a. Soak electrode overnight in dilute KCI (0.1 M). 
b. Boil junction in dilute KCI for 5 to 10 minutes. 
c. Carefully sand or file the porous plug junction. 

Electrode Instructions E-11 
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APPENDIXC 

MODIFICATION TO APP~NDIX F OF ORIGINAL QAPP 



QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

Revision: Final 
Date: 12/29/89 

Appendix F- Warzyn En~neerin~ Inc. Laboratories Standard Operatin~ 
Procedures Usin~ Non-CLP Protocols 

This appendix should be ammended to include protocols and criteria contained in 
Appendix C of this QAPP Addendum. 



QAPP Addendum 
Phase IT Remedial Investigation 
American Chemical Services Site 

APPENDIX C QAPP ADDENDUM 

ANALYriCAL METHODS USED BY WARZYN 
FOR TilE AMERICAN CHEMICAL SERVICES RI/FS 

Revision: Final 
Date: 12/29/89 

The following are standard operating procedures for analyses to be performed by Warzyn 

on samples from The American Chemical Services Site. Methods list detection limits and 

numbers of quality control (QC) samples to be performed, but do not specify performance 

standards. The following table lists frequency and performance standards for QC samples. 

Quality control criteria will follow EPA SOW 7/88 as written. When ait analy~e 
concentration exceeds the calibrated range, re-analysis of the prepared saniple after 

appropriate dilution is required Methods for metals include flame and furnace SOPs for 

"-- certain parameters. The appropriate method will be used to achieve desired detection 

limits. Arsenic and selenium will be performed by furnace techniques. 

A standard at twice the detection limit (DL) will be analyzed for sulfate, chloride and 

alkaJinity. The slll.ndards will not be used for instrument calibration, but will be used as a 

quality control sample to verify the DL. The DL standard will be analyzed at the beginning 

of each run. 
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Attachment 1 

PARAMETER AUDIT FREQUENCY• UMITS 

Metals-all matrices Lab blank 1 per sample set <detection limit 
(exceptHg) 

Metals, Mercury, 
Cyanide 

SOW Criteria 
7/88 

Chloride Lab blank 1 per 10 <1mg/l 

Check standard 1 ~r 10 samples 90-110% recovery 
and end of run 

Duplicate 1 per 10 samples <20% RPD or < 1 mg/L 

Matrix spike 1 per 10 samples 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
Standard inte1val 

Total Alkalinity Lab Blank 1 per 10 <5mgfL 

Check standard 1 per 10 samples 90-110% recovery 
and end of run 

'--" 
Duplicate 1 per 10 samples <20% RPD or < 5 mg/L 

Matrix spike 1 per 10 samples 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
STD interval 

COD 

Lab blank 1 per 10 <20mg/L 

Duplicate 1 per 10 samples <20% RPD or < 20 mg/L 

Calibration 1 ~r 10 samples 90-110% recovery 
checkSTD and end of run 

Matrix spike 1 per 10 samples 85-115% recovery 
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EPA QC Reference 1 per set 95% confidence 
SID interval 

NH3-N Lab blank 1 per 10 <0.10mg/L 

Duplicate 1 per 10 samples <20% RPD or <0.10 mg/L 

Calibration 1 ~r 10 samples 90-110% recovery 
checkSTD and end of run 

Matrix spike 1 per 10 samples 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
STD interval 

N03+N<>2,-N Lab blank 1 per 10 <0.02 mg/1 

Check standard 1 ~r 10 samples 90-110% recovery 
and end of run 

Duplicate 1 per 10 samples < 20% RPD or < 0.02 mg/L 

Matrix spike 1 per 10 samples 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
Standard interval 

so4 Lab Blank 1 per 10 <5mg/L 

Check standard 1 ~r 10 samples 90-110% recovery 
and end of run 

Duplicate 1 per 10 samples <20% RPD or < 5 mg/L 

Matrix spike 1 per 10 samples 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
STD interval 

Total Cyanide Lab blank 1 per 10 < 0.01 mg/L 

Duplicate 1 per 10 20% RPD or < 0.01 mg/L 

Calibration 1~r lOand 85-115% recovery 
checkSTD end of set 

Matrix spike 1 per 10 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
SID interval 
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TOC Lab blank 1 per 10 < l.Omg/L 

Duplicate 1 per 10 20% RPD or < 1.0 mg/L 

Calibration 1 per 10 and 85-115% recovery 
check SID end of set 

Matrix spike 1 per 10 85-115% recovery 

EPA QC Reference 1 per set 95% confidence 
SID interval 

IDS Lab blank 1 per 10 <20mgfL 

Duplicate 1 per 10 samples 20% RPD or <20 mg/L '-" 

EPA QC Reference 1 per set 95% confidence 
STD interval 

TSS Lab blank 1 per 10 <2mg/L 

Duplicate 1 per 10 20% RPD or <2 mg/L 

EPA QC Reference 1 per set 95% confidence 
SID interval 

Grain size Lab Duplicate 1 per 10 20% RPD or <2% by weight 

--- Atterburg limits Lab Duplicate 1 per 10 20% RPD or <2% by weight 

Permeability Field Duplicate 1 per 10 50%RPD 

Cation Exchange Lab Duplicate 1 per 10 15%RPD 
Capacity 

*Frequencies apply to each matrix individually. 



ALKALINITY - AUTOANALVZER 

Scope and Application: This method is applicable to drinking water, surface 
water, groundwater and wastewater. 

Reference: EPA 1983, Method 310.2 
Lachat Instruments 1986, Method 10-303-31-1-C 

Sample Handling: Refrigerate at 43C and analyze within 14 days of collection. 

Detection Limit: 5.0 mg/L as CaC03 

Optimum Concentration Range: 5.0 - 500 mg/L 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 60 seconds 
3. Load period: 30 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 10 seconds 
6. Inject to end of peak period: 56 seconds 
7. Gain: 150 x 10 
8. Zero: 180 
9. Interference filter: 410 nm 

10. Sample loop: 90 em 
11. Standards for curve set-up: 0, 20.0, 50.0, 100, 250, 500 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-0 water- 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in 
cubitainer. 

b. Bubble helium, usin~ the fritted gas dispersion tube, through t~e 
Milli-Q water (15 mln/20 l.) Store in cubitainer. 

2. Stock alkalinity standard (1000 mq/L as Na2C03l: In a 1 liter 
volumetric flask, dissolve 1.060 g of anhyarous primary standard grade 
sodium carbonate (NazC03-dried at 1403C for 4 hours) in approximately 
900 ml of helium purged Milli-Q water, and dilute to mark. 

[INORGSOP] 
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3. Standards: {Prepare fresh every 2 months). Dilute to volume using 
degassed HQ water. Refrigerate. 

Concentration 
of Standard 

0 mg/L 
20.0 mg/L 
50.0 mg/L 

100 1119/L 
250 mg/L 
500 mg/L 

letter 
Identifier 

A 
B 
c 
D 
E 
F 

Volume of 
Alk. Stock 

0 
4.0 

10.0 
50.0 

125.0 
100.0 

NOTE: Final volumes are not the same! 
Computer refers to standards by letter. 

Dilute 
to 

200 ml 
200 ml 
200 ml 
500 ml 
500 ml 
200 ml 

4. Sodium hydroxide {0.1Ml: In a 1 liter flask, dissolve 4.0 g sodium 
hydroxide {NaOH} and dilute to the mark with Hilli-Q water. 

5. Hydrochloric acid {0.1M~: In a 1 liter flask, dilute 8.3 ml of 
concentrated HCL in Mil i-Q water and dilute to the mark. 

6. KHP buffr-r {25.0 mM. pH 3.1}: In a 1 liter flask, dissolve 5.10 g of 
potassium acid phthalate {KHP) CKHC3H404) in approximately 500 ml of 
helium purged Milli-Q water. Add 87.6 ml of O.IM HCL and dilute to the 
mark. Adjust the pH of the buffer to 3.1 with 0.1M HCL or 0.1H NaOH. 
Vacuum filter through a 0.45 micron membrane filter before each use. 
STORE IN GLASS AND PREPARE MONTHLY! 

7. Methyl orange rea9ent: In a 1 liter volunetric flask, dissolve 0.125 g 
of methyl orange 1ndicator in about 700 ~of Hilli-Q water and dilute 
to the mark. Mix well and vacuum filter through a 0.45 micron membrane 
filter before each use. Store in amber llass! .NOTE: Amount of methyl 
orange may be adjusted for variances in ots of methyl orange. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
working range. 

2. The gain and zero settings are guidelines and must be adjusted each day 
to optimize. 

3. The alkalinity standards can be combined with chloride and sulfate 
standards for use with the 3 channel method. 

4. Turbidity will interfere. Samples must be filtered prior to analysis. 
{Use Whatman #1 or #4.) 

5. Color will interfere, dilute the sample and also spike the dilution to 
confirm the quality of the result. 

[ INORGSOP] 
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System Ooeration: 

A. Refer to "Auto Analyzer Operation start-up procedure." 
(lOP# lAA-Section A). 

B. Analyze an initial calibration standard, a blank, and a known reference 
standard at the beginning of each run. The blank must be below the 
detection limit and the standards must be within required control 
limits before any samples are analyzed. · 

C. Spike samples by mixing sample with an equal volume of 250 mg/t .. 
standard (E), for a final spike level of 125 mg/l. 

D. The calibration check standard is 100 mg/l (D). 

E. Refer to "Auto Analyzer shut-down procedure". (lOP# lAA-Section B). 

Quality Control: 

1. Establish a standard curve with the standards listed above. The 
de~ived concentration of each calibration must be+ 10% of the true 
value. -

2. A quality control calibration standard of 100 mg/l and a calibration 
blank are to be analyzed, at a minimum, after every 10 samples. If 
less than 10 samples are analyzed, a calibration standard and blank are 
still required. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check 
standard are to be reanalyzed. 

3. Duplicate and spike a minimum of 1 out of 10 samples. 
samples are analyzed, a duplicate and spike are still 
recoveries and duplicates are to be within acceptable 
must be flagged appropriately. . 

Calculation: 

If less than 10 
required. Spike 
ranges or data 

1. Calculate with lachat QuikChem software, in the concentration mode, 
using the IBM XT computer. See lAAC SOP for further detail. 
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CHLORIDE - AUTOANALYZER 

Scope and Application: This method is applicable to drinking water, surface 
water, groundwater and wastewater. 

Reference: EPA 1983, Method 325.2 
Lachat Instruments 1986, Method 10-117-07-1-8 

Sample Handling: Refrigerate at 4JC and analyze within 28 days of collection. 

Detection Limit: 1.0 mg/L. 

Optimum Concentration Range: 1.0- 100 mg/l 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle speed: 30 seconds 
3. Load period: 15 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 8 seconds 
6. Inject to end of peak period: 31 seconds 
7. Gain: 200 
8. Zero: 250 
9. Interference filter: 480 nm 

10. Sample loop: 20 em 
11. Standards for curve set-up: 0, 10.0, 20.0, 50.0, 80.0, and 100 mg/L Cl. 

Reagent Preparation: {Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-0 water- 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in 
cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through the 
Milli-Q water {15 min/20 l.) Store in cubitainer. 

2. Stock chloride standard (1000 mq/L): In a 1 liter volumetric flask, 
dissolve 1.648 g of primary grade sodium chloride {NaCl), previously 
dried at 1033C, in 500 ml 0.1. water. Dilute to the mark and invert to 
mix. Refrigerate. 
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3. Standards: (Prepare fresh every 2 months}. 
water. Refrigerate. 

Dilute volume using D.I. 

Concentration Letter Volume of Dilute 
of Standard Identifier Chloride Stock {ml} to 

0 mg/L A 0 200 mL 
10.0 mg/L 8 2.0 200 mL 
20.0 1119/L c 4.0 200 mL 
50.0 mg/L D 25.0 500 mL 
80.0 1119/L E 40.0 500 mL 

100 mg/L F 20.0 200 mL 

NOTE: Computer refers to standards by letter. 
Final volumes are not the same! 

4. Sodium mercuric thiocyanate reagent: In a 1 liter volumetric flask, 
dissolve 4.17 g of mercuric thiocyanate (HgfSCN}2) in one liter of 
methanol. Invert to mix. Store in amberg ass. Refrigerate. 

CAUTION: Mercury is a very toxic metal. WEAR GLOVES! 

5. St~ck ferric nitrate rea9ent C0.5Ml: In a 1 liter volumetric flask, 
dissolve 202.0 ~ of ferr1c nitrate (Fe(NOJ)J) · 9H20 in approximately 
800 mL of deion1zed water. Add 25 mL of concentrated nitric acid and 
dilute to one liter. Invert to mix. Refrigerate. 

6. Combined color reagent: Mix 150 mL of stock mercuric thiocyanate 
solution with 150 mL of stock ferric nitrate reagent and dilute to 
1000 mL with deionized water. Vacuum filter through a 0.45 micron 
membrane filter. Store at room temperature. Do Not Refrigerate. 

Notes: 

I. Samples must be diluted to obtain concentrations within the optimum 
working range. 

• ..._...~ "tir"- .............. 

2. The gain and zero settings are guidelines and must be adjusted each day 
to optimize. 

3. The chloride standards may be combined with alkalinity and sulfate 
standards for use with the 3 channel m~thod. 

4. Any sample with turbidity must be filtered prior to analysis. (Use 
Whatman #1 or #4.} Record on data sheet. 

5. Color is an interference, dilute the sa~le and also spike this sample 
to confirm the quality of the result. 
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System Operation: 

A. Refer to "Auto Analyzer Operation start-up procedure.• 
(lOP# LAA-Section A). 

B. Analyze an initial calibration check standardi a blank, and a reference 
standard at the beginning of each run. The b ank must be below the IDL 
and the standards within control limits. 

C. To spike samples, mix equal volumes of sample and 80 mg/l Cl standard 
for a final spike level of 40 mg/l Cl. 

D. The calibration check standard is 50 mg/l (D). 

E. Refer to "Auto Analyzer shut-down procedure". (lOP# LAA-Section B). 

Quality Control: 

I. Establish a standard curve with the standards listed above. Note that 
the calibration curve is calculated in a •piece-wise• fashion and is 
not linear. Be sure that calibration points describe a smooth curve. 

2. A quality control calibration standard of 50.0 mg/l and a blank are to 
be analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard and blank are still 
required. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check 
standard are to be reanalyzed. 

3. Duplicate and spike a minimum of 1 out of 10 samples. 
samples are analyzed, a duplicate and spike are still 
recoveries and duplicates are to be within acceptable 
must be flagged appropriately. 

Calculation: 

If less than 10 
required. Spike 
ranges or data 

1. Calculate with lachat QuikChem software, in the concentration mode, 
using the IBM XT computer. See LAA SOP for further detail. 
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Scope and Application: 

CHEMICAL OXYGEN DEMAND 

This method is applicable to surface water, sewage, 
wastewater, and groundwater. 

Method: Dichromate reflux, Colorimetric 

Reference: EPA 1983, Method 410.4 

Detection Limit: 20 mg/l 

Optimum Range: 20-700 mg/l 

Samole Handling: Preserve with sulfuric acid to a pH <2 and refrigerate at 
43C. Analyze within 28 days. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Dichromate - mercuric sulfate-sulfuric acid digestion solution 
Silver sulfate-sulfuric acid catalyst solution 
COD standard 1olutions 
Block digestor, set at 1503C 
16 x 100. mm culture tubes with teflon lined screw caps 
Eppendorf macropipetter, 0-5 ml 
Spectrophotometer, set at 600 nm wavelength with sipper cell 
Eppendorf microliter pipetter, 10-100 ul 
2 Repipette Dispensers, 1000 ml 
De-ionized water 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Digestion Solution: Add 10.2 g of dried potassium 
dichromate CK2Cr207), 33.3 g of mercuric sulfate (HgS04) and 167 ml of 
concentrated R2S04 to about 500 ml of DI water; dilute to 1000 ml in a 
volumetric flask and stir until dissolved. Store in a dark place. 

2. Silver Sulfate-Sulfuric Acid Catalyst Solution: Add 22.0 g of silver 
sulfate (Ag2S04) to a 2.5l bottle of cone. H2S04. Stir to dissolve. 

3. COD Stock Standard. 1000 mg/L: Carefully weigh 0.8500g of dried 
potassium acid phthalate (KHP), dissolve in DI water and dilute to 
1 liter in a volumetric flask. Preserve the stock solution with H2S04 
(2 ml cone. H2S04 1 l of solution). Refrigerate. 

4. Working COD Standards: {Prepare fresh monthly and refrigerate. All 
working standards should be preserved with H2S04, 0.2 ml cone. H2S04 in 
100 ml). 

A. 700 mg/l Standard: To a 100 ml volumetric flask, add 70 ml of 
1000 mg/L Stock Standard and dilute to the mark with DI water. 

B. 300 mg/l COD Standard: To a 100 ml volumetric flask, add 30 ml of 
1000 ml Stock Standard and dilute to the mark with DI water. 
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C. 100 mg/l COD Standard: To a 100 ml volumetric flask, add 10 ml of 
1000 mg/l COD Stock Standard and dilute to the mark with DI water. 

D. 50 mg/l COD Standard: To a 100 ml volumetric flask, add 5 ml of 
1000 mg/l COD Stock Standard and dilute to the mark with DI water. 

E. 20 mg/l COD Standard: To a 100 ml volumetric flask, add 2 ml of 
1000 mg/L COD Intermediate Standard and dilute to the mark with DI water . 

1. If a dark green or turquoise color occurs when sample is added or when 
the tube is being heated; the sample is over the upper limit of the 
curve and must be diluted and redigested. 

2. Interference: Chlorides represent a positive interference. Mercuric 
sulfate is added to the digestion tubes to complex the chloride. 
Mercuric sulfate can complex up to 21000 mg/L chloride before reacting 
with dichromate in the sample. If cnloride exceeds 2,000 mg/L, dilute 
the sample. 

3. Reagents are corrosive and toxic. Avoid skin contact. 

4. Store standards in the refrigerator. 

5. Store the dichromate solution and prepared tubes in the dark. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and DI water 
rinsed prior to analysis. Rinse digestion tubes and caps with DI water 
prior to use. Caps deteriorate over time. Discard caps after 3 uses. 

2. Into each tube, pipet exactly 1.5 ml of COO digestion solution, using 
repipetter dispenser. 

3. Using the repipettor dispenser, pipet down the side into each tube 
exactly 3.5 ml of the silver sulfate-sulfuric acid solution. Avoid any 
mixing with the digestion solution. These tubes may be stored, with 
caps having teflon liners, indefinitely. Store in the dark! 

4. Prepare a standard curve consisting of the following standards: 0, 20, 
50, 100, 300, and 700 mg/L COO. 

The standards are carried through the digestion step. · 

5. Analyze an initial calibration standard, a blank, and a reference 
standard at the beginning of each run. 
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6. 

7. 

8. 

Using the Oxford 0-5 ml pipet, add 2.5 ml of sample, standard, or blank 
to t~e tube. Be careful to avoid air bubbles in the pipet tip and to 
eject all of the sample. Cap tubes tightly and mix by inverting 10-12 
times. 

To Spike: In a disposable cup, place 2.5 ml sample, add 2.5 ml of the 
300 mg/L standard. Mix well. Use 2.5 ml of this mixture for the 
spiked sample analysis. . . 
Place tubes in a block heater at 150JC for 2 hours.: Block heater 
should be preheated at least 1 hour prior to use. 

Remove tubes from block heater. Cool to room temperature. Read the 
absorbance on spectrophotometer, set at 600 nm, using the sipp~r cell. 
Samples can be stored in refrigerator overnight and read the next day. 
Do not shake tubes. Be very careful not to as pi rate any of the· 
precipitate in the bottom of the tube. Initially zero with th& blank 
standard. · 

'-' Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, spectrophotometer bulb, solution, etc.) 

2. A quality control calibration standard of 100 mg/l COD and a blank are 
to be analyzed,. initially and after every 10 samples. If less than 10 
samples are analyzed, a calibration standard and blank are still 
reguired. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check 
standard are to be reanalyzed. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges, or 
data must be flagged appropriately. 

Calculation: 

1. Calculate using linear regression. 

To Calculate Spike: 

% Recovery • 
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CYANIDE. TOTAL - DISTILLATION 

Scope and Application: This method is applicable to the determination of 
cyanide in drinkin~ water, surface water, ground­
water, sludges, so1ls and industrial wastes. 

Methods: Distillation, Automated Colorimetric 

Reference: EPA 1983, Method 335.2 

SW-846, Method 9010 

Standard Methods, 16th Edition, Method 412 

Detection Limit: 0.005 mg/L 

Optimum Range: 0.005 - 0.40 mg/L 

Sample Handling: Preserve with sodium hydroxide to pH >12 and refrigerate 
at 43C. Analyze samples within 14 days. 

Reagents and Apparatus: 

I. Cyanide reflux distillation appdratus 
2. 25 ml and 50 ml graduated cylinders 
3. Vacuum pump 
4. Heating mantle 
5. 250 ml volumetric flasks 
6. Sodium hydroxide 
7. Sulfuric acid, concentrated 
8. Ma~nesium chloride 
9. De1onized water 

10.. Bismuth nitrate 
11. Sulfamic acid 
12. Acetic acid, concentrated 
13. Sodium thiosulfate, crystals 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Sodium Hydroxide {1.2SN): 

Dissolve 50.0 g NaOH in D.l. water and dilute to 1 liter in a 
volumetric flask. Store in a plastic bottle. 

2. Magnesium Chloride Solution: 

Dissolve 510.0 g MgCl2·6HzO in D.I. water and dilute to 1 liter. 
Store in a plastic bottle. 

3. Stock Cyanide Solution {1000 mq/L): 

Dissolve 0.6275 g KCN and 0.5 g KOH and dilute to 250 mls with D.I. 
water in a volumetric flask. Prepare fresh every month. CAUTION: 
TOXIC! Refrigerate. 
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4. Standard Cyanide Solution (5 mg/l): 

Pipet 5 ml of stock cyanide solution into 1 L volumetric flask 
containin~ approximately 500 ml D.I. water and 2 ml of ION NaOH as a 
preservat1ve. Dilute to volume with DI water. Prepare fresh weeklv. 
Refrigerate. 

5. Bismuth Nitrate Solution: 

Dissolve 30.0 g of Bi(N03)3 in 100 ml of D.I. water. While stirring, 
add 250 ml of concentrated acetic acid. Stir until dissolved. Dilute 
to 1 liter with D.I. water. 

6. Sulfamic Acid Solution: Dissolve 40.0 g of sulfamic acid in D.I. 
water. Dilute to 1 liter. 

Notes: 

1. CAUTION: Use care in handling of samples with cyanide because of the 
toxicity. Avoid skin contact, inhalation, or ingestion. ALWAYS HAVE 
A RESPIRATOR IN AREA WHEN DOING THIS TEST. 

If a sample begins to bump or back up the tube, quickly increase the 
flow rate, and turn the heat down (or off) until bumping subsides. 

If a sample does boil over, proceed as follows: 

- Put on respirator 
- Turn heat off (For your proctection, use gloves.) 
- Pull inlet tube out 
- Put sample and heating mantle into hood 
- When sample is cool remove from mantle and heat mantle in hood on 
high until acid fumes have dissapated. 

2. Oxidizin~ agents, such as chlorine, interfere by decomposing cyanides. 
If chlor1ne is believed to present, put a drop of sample on potassium 
iodide starch paper. If paper turns bluish, add a few crystals of 
sodium thiosulfate (Na2S203) to the sample, mix, and retest. Continue 
adding sodium thiosulfate until free from chlorine. Then, add 0.1 g 
sodium thiosulfate in excess. 

3. Sulfides interfere by forming thiocyanate at a high pH. If sulfides 
are believed to be present, put a drop of sample on lead acetate test 
paper treated with acetic acid buffer solution at ph4. Darkening of 
paper indicates sulfides. If sulfides are present, add 50 mL of 
bismuth nitrate solution after the air rate is set through the air 
inlet tube. Mix for 3 minutes prior to addition of H2S04. 
Alternatively, Cd(N03)2·4H20, CdC03 or PbC03 can be aaded after the 
distillation, but pr1or to color development. Bismuth nitrate added 
prior to the distillation process is the preferred choice. 

4. Fatty acids, high carbonates, and aldehydes can interfere. Refer to 
Standard Methods for troubleshooting. 
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5. High concentrations of N03 and NOz can give false positive results. 
If samples contain high concentrations of N03 and/or NOz, add 50 ml of 
sulfamic acid solution after the air rate is set throug~ the air inlet 
tube. Mix for 3 minutes prior to addition of H2S04. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed, and 
deionized rinsed prior to analyses. Dichromate or acetone may also be 
used to clean the glassware prior to the soap and water wash. 

2. Connect and set up cyanide reflux distillation apparatus as shown in 
Figure 2. 

3. Prepare the 0.10 mg/l cyanide calibration standard as follows: 

Add 5 ml of the 5 mg/l cyanide solution to 250 ml of DI water. 
(Prepare in the distillation flask.) 

4. Pour 250 ml of sample into cyanide distilling flask. If a solid or 
semi-solid sample is to be anaylzed, use a 1.0 g sample size and add 
250 ml of 0.1. water to the distilling flask. (Record the amount of 
sample used.) Add an additional 250 ml D.I. water for a total volume 
of 500 ml in the distillution flask. 

5. 

6. 

To Spike: Add 5 ml of the 5 mg/L cyanide solution to the 250 ml 
of sample, for a final concentration of 0.10 mg/l CN. 

Using a graduated cylinder, add 50 ml 1.25 N sodium hydroxide to the 
absorber tube and connect. 

Turn on vacuum pump and adjust so that one bubble per second enters 
the distillation flask through the air inlet tube. 

7. Slowly add 25 ml concentrated sulfuric acid through the air inlet 
tube. Rinse the tube with D.I. water and wait for about 2-3 minutes, 
until the sulfuric acid has been dispersed into the sample. 

8. Using a ~raduated cylinder, add 20 ml magnesium chloride solution into 
the air 1nlet tube and rinse the tube with D.I. water. 

9. Turn heating mantle on to 60-63% of scale. Watch vacuum rate 
carefully and adjust as necessary maintainin~ a rate of one bubble per 
second. As the temperature increases, bubbl1ng increases, and the 
solution can be drawn from the absorption tube or blown out the air 
inlet tube. Reflux for one hour after the sample comes to a boil. 

10. Turn off heat and continue vacuum for 15 minutes. 

11. Disconnect absorber, DI rinse absorber top into absorbing solution, 
and shut off vacuum pump. 
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12. Pour solution from absorber tube into a 250 ml volumetric flask. 
Using D.1. water, rinse the absorption tube (3 times) and add to the 
volumetric flask. Dilute to mark with D1 water. Mix by inverting. 

13. Distillates are ready for analysis. 
for the automated colorimetric step. 

Quality Control: 

Proceed with Lachat SOP CNAAHC 

1. The standard curve does not need to be carried through the 
distillation procedure. 

2. A reagent blank is to be analyzed with each set of samples. This 
blank is to be carried through the distillation steps as a check for 
contamination. Date and initial blank container. 

3. A quality control calibration standard of 0.10 mg/l cyanide is to be 
anaylzed with each set of samples. This standard is to be carried 
through the entire procedure including the distillation step. This 
standard must be within 90-110 % of the true value, or the samples are 
to be reanalyzed. Date and initial standard container. 

4. A known reference standard (LCS) is to be analyzed with each set of 
samples. This standard is to be carried through the entire procedure 
incluoing the distillation steps. This standard must be within 
80-120% of the true value and within 95% confidence limits (if 
available) or the samples are to be reanalyzed. 

5. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are anaylzed, a duplicate and spike are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges. 

6. Aqueous and solid/semi-solid samples are separate matrices. 
Duplicates and spikes are required for each matrix type. 

Calculation: 

1. Calculate with Lachat QuikChem software, in the concentration mode, 
using the IBM XT computer. (Be sure to calculate in any distillation 
dilution into the final result.) 
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TOTAL CYANIDE - AUTOANALYZER - (HEATED "ETHODl 

Scope and Application: This method is applicable to distilled groundwater, 
drinking water, wastewater, sediments and soils. All 
samples must be distilled prior to analysis with the 
autoanalyzer. {Refer to SOP I CNDISC.) 

Reference: EPA. 1983, Method 335.3 
lachat Instruments, 1986, Method 10-204-00-1-A 
Standard Methods, 16th Edition, pages 337-338 

Instrument Detection limit: 0.005 mg/l 

Optimum Concentration Range: 0.005 - 0.40 mg/L 

Sample Handling: Samples should be capped and refrigerated at 43C after 
distillation. Read no later than 7 days after distillation. 

Instrument Conditions: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Pump speed: 35 
Cycle period: 50 seconds 
load period: 20 seconds 
Inject period: 15 seconds 
Inject to start of peak period: 30 seconds 
Inject to end of peak period: 78 second$ 
Gain: 420 
Zero: 350 
Interference filter: 570 mrn 
Sample loop: 150 em {0.80 mm i.d.) 
Standards for calibration: 0, 0.02, 0.04, 0.10, 0.20, 0.40 mg/l 
Water Bath 453C (Position A). 

Reagent Preparation: {Prepare fresh every 6 months unless otherwise noted.) 

1. Degassed Milli-0-water- 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in 
cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through 20 l 
Hilli-Q water for 15-20 minutes. Store in cubitainer. 

2. Carrier - 0.25N NaOH: 

In a 1 L volumetric flask, dissolve 10.0 g NaOH in 900 ml DI water. 
Dilute to the mark and invert several times. Filter through 0.45 
micron filter paper. Store in a plastic bottle. 
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3. Phosphate Buffer- 0.86M (pH 5.2): 

In a 1 l volumetric flask, dissolve 97.0 g KHzP04 in 800 ml degassed 
MQ water. Add 8.1 ml concentrated (85%) phosphoric acid. Dilute to 
the mark with degassed MQ water and invert several times. 

4. Chloramine-T Solution: 

In a 500 ml volumetric dissolve 2.0 g of chloramine-T in degassed 
Milli-Q. Dilute to the mark and invert several times. Prepare fresh 
weekly and store refrigerated. 

5. Pyridine - Barbitur;c Acid Reagent: 

In the fume hood, place· 15.0 g barbituric acid in a 1 l beaker an~ add 
100 ml of de~assed MQ water, rinsing down the sides of the beaker·to 
wet the barb1turic acid. Add 75 ml pyridine (CsHsN) while stirring 
with stir bar. Hix until barbituric acid dissolves. Add 15 ml 
concentrated HCl and stir. Transfer to a 1 l volumetric flask, dilute 
to the mark with degassed MQ water and invert several times. 
Refrigerate. Prepare fresh every 2 months. 

6. Stock Cyanide Solut;on (1000 mq/ll: 

Dissolve 0.6275 g KCN and 0.5 g KOH and dilute to 250 ml with 0.1. 
water in a volumetr;c flask. Prepdre fresh every month. Refrigerate. 
CAUTION: TOXIC! 

7. Standard Cyanide Solution (5.0 mq/ll: 

Pipet 5 ml of stock cyanide solution into I l volumetric flask, add 
approximately 500 •l 01 water. Add 2 ml of ION NaOH as a preservative 
and dilute to volume with 01 water. Preoare fresh weekly. 
Refrigerate. · 

8. Cyanide Standards: 

Prepare by pipetting the volumes noted below into 250 ml volumetric 
flasks, adding 50 ml of 1.25N NaOH, and diluting to the mark with 
degassed MQ water. (The 1.25N NaOH must be added - very important!) 
Prepare fresh weeklY. (7 days) 

Concentration 
of Standard 

0.00 mg/l 
0.02 mg/l 
0.04 mg/l 
0.10 mg/l 
0.20 mg/l 
0.40 mg/l 

letter 
Identifier 

A 
B 
c 
0 
E 
F 

Note: Computer refers to standards by letter. 
[INORGSOP] 
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Volume of 5 mg/l 
working standard (ml) 

0 ml 
1.0 ml 
2.0 ml 
5.0 ml 

10 ml 
20 ml 



NOTES: 

1. This chemistry is temperature sensitive. The heated method reduces or 
eliminates sensitivity drift due to temperature changes. 

2. Use wasteline coil to help eliminate air spikes. 

3. Any sample dilutions must be diluted with 0.25N NaOH, not water. You 
may use the carrier or the zero standard for this. 

4. Interferences are reduced or eliminated by the distillation procedure. 
Cyanide analyses suffer from many interferen~es. See EPA and Standard 
Methods references for detailed discussion. Information and 
recommendations for the manual pyridine-barbituric acid color 
development also apply to this automated method. 

5. Samp1es must be diluted to obtain concentrations within the optimum 
work1ng range. 

6. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 

7. Color is an interference, dilute the sample and also manually spike 
the dilution to confirm the quality of the result. 

System Operation: 

1. Refer to "Auto Analyzer Operation Start-up Procedure" (lOP I .LAA­
Section A). 

2. Spikes will be distilled at a level of 0.10 mgfl. The calibration 
check standard is 0.10 mg/L. . 

3. Analyze a calibration check standard, blank, and known reference 
standard at the be~inning of each run. All standards must be within 
required control l1mits before any samples are analyzed. 

4. Refer to Auto Analyzer shut-down procedure. (lOP # LAA- Section B). 

Quality Control: 

1. Establish a standard curve with the standards listed above. The 
derived concentrations for each calibration standard must read within 
10% of the true value. 
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2. A quality control calibration standard (0.10 mgjl) and blank are to be 
analyzed initially and at a minimum, after every 10 samples. If less 
than 10 samples are analyzed, a calibration standard and blank are 
still required. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check 
standard are to be reanalyzed. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. Spike 
recoveries and duplicates are to be within acceptable ranges or data 
must be flagged appropriately. (These samples must be carried through 
the distillation step.) 

Calculations: 

I. Calculate with lachat QuikChem software, in the concentration mode, 
using the IBM XT computer. Be sure to calculate any digestion 
dilution into the final result. 
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Scope and Application: 

TOTAL MERCURY 
Liquid Samples 

This method is applicable to drinking, surface, 
groundwater, domestic, and industrial wastewaters. 

Method: Manual Cold Vapor 

Reference: EPA 1983, Method 245.1 

Detection Limits: 0.0002 mg/L (in 100 ml sample) 

Optimum Range: 0.0002-0.010 mg/L 

Sample Handling: Preserve with concentrated HN03 to pH <2. Analyze within 28 
days of sampling. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Mercury cold-vapor Analyzer System 
Water bath set @ 95*C 
BOD bottles; 300 ml 
Class A volumetric glassware 
lnstra-Analyzed sulfuric acid 
Instr~-analyzed nitric acid 
Potassium persulfate 
Potassium permanganate 
Sodium chloride 
Hydroxylamine hydrochloride solution 
Stannous chloride 
Various Class A volumetric pipettes 
Mercury lamp 
Mercury stock and standard solutions 
Drierite 
Activated charcoal 
Glass wool 
Tygon tubing 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

1. Sulfuric acid (0.5 Nl: Pipet 14.0 mL of cone. H2S03 to 500 mL D.I. 
water in a 1 liter volumetric flask, dilute to t~e mark. PREPARE IN 
THE HOOD! 

2. Stannous chloride (10% w/vl: Add 100.0 g stannous chloride to 1 liter 
of 0.5 N sulfuric acid. 
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3. 

4. 

5. 

6. 

Sodium chloride-hvdrdoxylamine hydrochloride solution: Dissolve 
120.0 9 of sodium chloride and 120.0 9 of hydroxylamine hydrochloride 
in 0.1. water, dilute to 1 liter. 

Potassium permanganate (5~ solution. w/v~: Dissolve 50.0 9 of 
potassium perman9anate in D.I. water, di ute to 1 liter. 

Potassium persulfate (5% solution. w/v~: Dissolve 50.0 g of potassium 
persulfate in 0.1. water, dilute to 1 iter. 

Intermediate mercury standard fJO.O m~/ll: Transfer 1.0 ml stock 
mercury (1000 mg/l) solution, p us 1/ m nitric acid, into a 100 ml 
volumetr1c flask and dilute to the mark with D.I. water. Prepare fresh 
dail yl 

7. Working mercurv standard CO.JOO mgfll: Transfer 1.0 ml of the 
10.0 mg/l intermediate standard, p us 1/2 ml nitric acid, into a 100 ml 
volumetric flask and dilute to the mark with 0.1. water. Prepare fresh 
da i1 y I 

Notes: 

1. The mercury standards are volatile and unstable. Standards must be 
prepared daily. 

2. Because of the toxic nature of mercury vapor, precaution must be taken 
to avoid inhalation. Vent the mercury vapor into an exhaust hood or 
pass the vapor through an absorbing media. 

3. A 10% solution of stannous sulfate may be substituted for stannous 
chloride. 

4. Hydroxylamine sulfate may be used rather than hydroxylamine 
hydrochloride. 

5. Standard additions must be used for all EP extracts and delisting 
petitions. 

6. The calibration check standard is a 0.005 mg/L standard. 

7. Interferences: 

a. 

b. 

[INORGSOP] 

Potassium permanganate is added to eliminate interferences from 
sulfide. Concentrations as high as 20 mg/l sulfide as sodium 
sulfide do not interfere. 

Copper has also been reported to interfere; however, copper 
concentrations as high as 10 mg/l have no effect on recovery of 
mercury from spiked samples. 
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c. Seawaters, brines, and industrial effluents, high in chlorides, 
will require additional potassium permanganate. during the 
oxidation step, chlorides are converted to free chlorine which also 
absorbs at the same wavelength as mercury. Care must be taken to 
ensure that free chl~rine is absent before the mercury is reduced 
and swept into the cell. this may be accomplished by using an 
excess of hydroxylamine chloride reagent. In addition, the dead 
air space in the BOD bottle must be purged before adding the 
stannous sulfate. · 

d. Certain volatile organic materials that absorb at this wavelength 
may also cause an interference. A preliminary run without reagents 
should determine if this type of interference is present. 

Instrument Conditions: 

1. Wavelength: 253.6 nm. Background is required. 

2. Slit Width: 0.7 

3. Mode: Absorbance 

4. Time • 40 seconds 

5. Standards to use for curve set-up: 0.5, 1.0, 5.0, 10.0 ugfl. 

Cold Vapor Svstem Set-up: 

Cell Alignment: 

1. Insert quart cell in burner chamber. (Replace the burner head in the 
burner chamber.) 

2. Align cell in light path (use 0.5 sec t, adjust to the lowest abs. 
reading). 

3. Check drying tube and charcoal tube - replace if necessary (see 
attached page). 

4. Insert aerator into a BOD bottle filled with 100 mls 0.1. water. 

5. Turn on pump. 

6. Let warm-up a few minutes. 

7. Zero machine. 
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Procedure: 

All glassware is to be washed with soap and water, rinsed with tap 
water, acid rinsed with 10% HN03, and final rinsed with D.I. water. 

A. Standard Preparation 

1. The standard curve is to consist of the following standards: 

Standard 
Concentration 

0.00 ug/l 
0.50 ug/l 
1.00 ug/l 
5.00 ug/l 
10.0 ug/l 

2. Pipet 0, O.S, 1.0, 5.0, and 10.0 ml aliquots of 0.10 ug/ml working 
stock mercury solution to 300 ml BOD bottles. 

3. Add D.I. water to bring volume to 100 ml and continue with the 
digestion procedure. 

B. Sample Preparation: 

1. Transfer 100 ml, or an aliquot diluted to 100 ml, to a 300 ml BOD 
bottle. 

To Spike: Pipette 5.0 ml of 0.10 mg/l standard into the sample bottle. 
Proceed as written. 

C. Digestion: 

1. Add 5 ml cone. sulfuric acid and 2.5 ml cone. nitric acid to each 
bottle. Hix by swirling. 

2. Add IS ml potassium permanganate solution to each bottle, mix by 
swirling. Allow to stand for at least IS minutes. If the bottle does 
not remain purple in color, additional potassium permanganate is 
required. 

3. Add 8 ml of potassium persulfate solution to each bottle and heat for 2 
hours in a water bath maintained at 95 C. Check the bottles 
periodically throughout the 2 hours to insure the samples remain 
purple. Add potassium permanganate if needed. 

4. Cool to room temperature. 
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D. Sample Analysis: 

1. Add 6 ml of sodium chloride-hydroxylamine hydrochloride solution to 
reduce excess permanganate. If necessary, additional amounts of sodium 
chloride hydroxylamine hydrochloride may be required to discharge the 
purple color. Swirl. 

2. Add 5 ml of stannous chloride solution and immediately insert the 
aerator, making sure that the stopper provides a good seal. 

3. Press the read button. 

4. Record the absorbance value on the bench sheet. 

5. Remove the aerator, rinse aerator, and place it in the D.I. blank 
bottle. 

6. Repeat for additional samples. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, tubing, lamp alig~ment, pump, etc.) 

2. A quality control calibration standard of 0.005 mgfl and a blank are to 
be analyzed initially, and after every 10 samples. These standards are 
to be carried throu~h the digestion procedure. If less than 10 samples 
are analyzed, a cal1bration standard and a blank are still required. 
The last samples analyzed in the run are to be the calibration standard 
and blank. These standards must be within acceptable ranges or the 
samples run after the last acceptable calibration standard are to be 
reanalyzed. Record the calibration standard in the quality control 
book. The confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges or 
the data must be flagged appropriately. 

Calculation: 

1. Calculate using linear regression. 

Calculate the spike recovery as follows: 
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MERCURY MANUAL COLO VAPOR TECHNIQUE 

Solid and Semi-Solid Samples 

Scope and Application: This procedure is applicable for determining total 
mercury (organici inorganic} in soils, sediments, and 
sludge-type samp es. All samples must be subjected to 
a digestion step prior to analysis. 

Method: Mercury - Cold Vapor 

Reference: EPA, 1983, Method 245.5 

SW846, 1982, Method 7471 

Detection Limit: 0.04 mg/kg (if 0.5 gm sample aliquots are used) 

Sample Handling: Due to the extreme sensitivity of this procedure, sampling 
devices and containers should be free from mercury. Soils 
are analyzed as received. The sample should be crushed and 
thoroughly mixed before the sample is weighed for analysis. 

Reagents and Apparatus: (All glassware is acid washed and rinsed three times 
with D.I. water.) Use D.I. water only. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Mercury cold-vapor analyzer system 
Mercury lamp 
lnstra-Analyzed nitric acid 
Instra-Analyzed hydrochloric acid 
Mercury stock and standard solutions 
Class A volumetric glassware 
Deionized Water 
Water bath set at 95 C 
300 mL BOD bottles 
Instra-Analyzed sulfuric acid 
Stannous chloride 
Sodium chloride 
Hydroxylamine hydrochlpride 
Potassium permanganate 
Drierite 
Activated charcoal 
Glass wool 
Tygon tubing 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Aqua- Regia: PREPARE IHM~DIATELY before use! PREPARE IN THE HOOD! 
3 Volumes cone. HCL + 1 vo ume cone. HN03 

2. O.SN H2S04- Dilute 14.0 mL of cone. HzS04 to 1 liter with D.I. water. 
PREPARE IN THE HOOD! 

3. Stannous Chloride: Add lOO.Og stannous chloride to 1 L of 0.5N H2S04. 

4. Sodium chloride - hydroxYlamine hydrochloride solutions: Dissolve 
120.0 ~rams NaCl + 120.0 grams hydroxylamine hydrochloride in 
approx1mately 100 mL 0.1. water, dilute to 1 liter with 0.1. water. 
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5. 

6. 

7. 

8. 

Notes: 

Potassium perman8anate 5% solution: Dissolve 50.0g potassium 
permanganate in.I. water and dilute to 1 liter with D.I. water. 

Potassium persulfate C5% solution. w/v~: Dissolve 50.0 g of potassium 
persulfate in D.I. water, dilute to 1 iter. 

Intermediate mercury standard (10.0 mq/Ll: Transfer 1 ml stock mercury 
(1000 mg/L) solution, plus 1/2 ml concentrated nitric acid, into a 
100 ml volumetric flask and dilute to the mark with 0.1. water. 
Prepare fresh daily! 

Working mercury standard (0.100 IDQlll: Transfer 1.0 ml of the 
10.0 mg/L intermediate standard,-pTU$ 1/2 ml concentrated nitric acid, 
into a 100 ml volumetric flask and dilute to the mark with D.l. water. 
Prepare fresh daily! 

1. Mercury is volatile and unstable; therefore intermediate and working 
standards must be prepared daily. 

2. Because of the toxic nature of mercury vapor, precaution must be taken 
to avoid inhalation. Vent the mercury vapor into an exhaust hood or 
pass the vapor through an absorbing media. 

3. Rinse aerator off with DI water between sample. When rinsing, be 
careful not to rinse too high on the aerator, otherwise the pump will 
suck the water into the analyzer. 

4. A 10% solution of stannous sulfate maybe substituted for stannous 
chloride. 

5. Hydroxylamine sulfate may be used rather than hydroxylamine 
hydrochloride. 

6. Interferences: 

A. Potassium permanganate is added to eliminate possible interference ~ 
from sulfide. Concentrations as high as 20 mg/l sulfide as a 
sodium sulfide do not interfere. 

B. Copper has also been reported to interfere; however, copper 
concentrations as high as 10 mg/l have no effect on recovery of 
mercury from spiked samples. 

C. Seawaters, brines and industrial effluents high in chlorides 
require additionai potassium permanganate. Durin~ the oxidation 
step, chlorides are converted to free chlorine wh1ch also absorbs 
at the same wavelen~th as mercury. Care must be taken to ensure 
that free chlorine 1s absent before the mercury is reduced and 
swept into the cell. This may be accomplished by using an excess 
of hydroxylamine sulfate reagent. In addition, the dead air space 
in the BOO bottle must be purged before adding stannous sulfate. 
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D. Certain volatile organic materials that absorb at this wavelength 
may also cause an interference. A preliminary run without reagents 
should determine if this type of interference is present. 

Instrument Conditions: 

1. Wavelength: 253.6 nm. Background is required. 

2. Slit Width: 0.7 

3. Mode: Absorbance 

4. Time = 40 seconds 

5. Standards to use for curve set-up: 0.5, 1.0, 5.0, 10.0 ug/l. 

Cold Vapor System Set-Up: 

Cell Alignment: 

1. Insert quart cell in burner chamber. (Replace the burner head in the 
burner chamber.) 

2. Align cell in light path (use 0.5 sec t, adjust to the lowest abs. 
reading). · 

3. Check drying tube and charcoal tube - replace if necessary (see 
attached page). 

4. Insert aerator into a BOD bottle filled with 100 mls 0.1. water. 

5. Turn on pump. 

6. let warm-up a few minutes. 

7. Zero machine. 

Procedure: 

A. Standard Preparation: 

1. The standard curve is to consist of the following standards: 

D.I. water blank 
0.50 ug/l 
1.0 ugfl 
5.0 ug/L 
10.0 ug/l 

2. Prepare the standards above by pipetting 0, 0.5, 1.0, 5.0, and 10.0 ml 
aliquots of 0.10 ug/ml working mercury solution to 300 ml BOD bottles. 

3. Add D.I. water to bring volume up to 10 ml, and continue with the 
digestion procedure. 
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B. Sample Preparation 

1. Weigh 0.50 gram of sample and place in the bottom of a BOD bottle. 
Record the weight used. 

To Spike: Pipet 1.0 ml of 0.10 ug/l standard into sample bottle. 

2. Add 10 ml of 0.1. water, and continue with the digestion procedure. 

C. Digestion 

To all samples, standards, and blanks: 

1. Add S ml aqua regia solution, cap bottles. 

2. Heat 2 min. in a water bath at 95 C. (Waterbath must be maintained at 
95 C). 

3. Cool, add SO ml 0.1. water. 

4. Add 30 ml potassium permanganate solution. 

5. Add 8 ml of potassium persulfate. 

6. Mix thoroughly and place in a water bath at 95 C for 30 minutes. Check 
samples periodically throughout the 30 minutes to insure they are 
purple in color. If not, add potassium permanganate. Add the same 
volume of potassium permagnate to all bottles. 

7. Cool samples and standards to room temperature. 

8. Add 50 ml of 0.1. water. 

0. Sample AnalYsis: 

I. Add 6 ml sodium chloride-hydroxylamine hydrochloride to reduce the 
excess permanganate. Additional sodium chloride-hydroxylamine 
hydrochloride may be needed to discharge the purple color. Swirl. 

2. Add 5 ml of stannous chloride solution and immediatelY insert the 
aerator, making sure that the stopper provides a good seal. 

3. Press the read button. 

4. Record the absorbance reading. 

S. Remove the aerator, rinse aerator, and place into the 0.1. blank 
bottle. 

6. Repeat for additional samples. 
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Quality Control 

I. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, tubing, lamp alignment, pump, etc.,} 

2. A quality control calibration standard of 0.005 mg/l and a blank are to 
be analyzed initially, and after every 10 samples. If less than 10 
samples are analyzed, a calibration standard and blank are still 
required. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within 
acceptable ranges or the samples run after the last acceptable 
calibration standard are to be reanalyzed. 

3. Duplicate and spike a minimum of I out of 10 samples. If less than 10 
samples are analyzed, a spike and duplicate are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges or 
the data must be flagged accordingly. 

~ • Calculation: 

1. Calculate using linear regression (absorbance vs. concentration}. 

mg/kg Mercury • Cmg/l samolel ClOO ml) 
grams of sample 

Calculate the spike recovery as follows: 

[INORGSOP] 
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AMMONIA NITROGEN 

Scope and Application: This method is applicable to the determination of 
ammonia-nitrogen in drinking water, surface water, 
groundwater, sludges, soils, and industrial wastes. 

Method: Micro-distillation, Colorimetric 

Reference: EPA, 1983, Method 350.2 

0.10 mg/l for aqueous samples 
5.00 mg/kg for soils and sludges 

Detection limit: 

Optimum Range: 0.10- 2.00 mg(l for aqueous samples 
5.00 - 100 mg/ g for soils and sludges 

Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to 
pH <2 and refrigerate at 4oc. Refrigerate soils and sludges 
at 4oc. Analyze within 28 days of sampling. 

Reagents and Apoaratus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12 0 

13 0 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Kjeldahl flasks, 100 ml 
Keeney distillation apparatus 
Spectrophotometer, set at 42Snm with sipper cell 
Erlenmeyer flasks, 50 ml 
Sulfuric acid, concentrated 
Milli-Q water 
pH meter, 0.1 pH unit sensitivity 
Volumetric glassware, Class A (pipets and flasks) 
Top loading balance, 0.01g sensitivity 
Graduated cylinders, 50 ml 
Mixin~ cylinders, 50 ml 
Ammon1um chloride (NH4Cl) 
Boric acid (HJBOJ) 
Mercuric iodiae {Hgl6) 
Potassium iodide (KI 
Sodium hydroxide (Na H) 
Sodium tetraborate (Na2B407·10H20) 
Sodium thiosulfate (Na2S203·SH20) 
Analytical balance, 0.0001g sensitivity 
150 ml beaker 
Stir bars and stir plate 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated). 

1. Ammonium chloride stock solution{1000 mq/l): In a 1 liter volumetric 
flask, dissolve 3.819g NH4Cl in approximately 300 ml Milli-Q water and 
bring to volume. Preserve with H2S04 to a pH<2. Refrigerate. 
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2. Ammonium chloride standard solution flO mg/Ll: Dilute 10.0 ml of the 
ammonium chloride stock solution to liter with Milli-Q water. in a 
volumetric flask. Preserve with HzS04 to a pH<2. Prepare monthly. 
Refrigerate. 

3. Boric acid solution: Dissolve 20.0g H3B03 in Hilli-Q water and dilute 
to 1 liter in a volumetric flask. 

4. Nessler reagent: Dissolve lOOg of mercuric iodide and 70g of potassium 
iodide in a out 200 ml of Mill-O water. Add this mixture slowly, while 
stirring to a COOLED solution of 160g NaOH in 500 ml Milli-Q water. 
on ute the mixture to 1 H ter. Store in a Pyrex bott 1 e and keep out of 
direct sunlight. {refrigerate) NOTE: Commercially available. 

5. Sodium hydroxide C1N): Dissolve 40g of NaOH in Milli-Q water and 
dilute to 1 liter. 

6. Sodium hydroxide CO.INl: Dilute 100 ml of IN NaOH to 1 liter with 
Hilli-Q water. 

7. Sodium tetraborate solution 0. 5H: Dissolve 9.5g of Na2B407·lOH20 
or S.Og anhydrous Na2B407 in Hi i- water and dilute to 1 l1ter. 

8. Borate buffer: Add 88 ml of O.lN NaOH solution to 500 ml of 0.025H 
sodium tetraborate solution. Dilute to 1 liter with Hilli-Q water. 

9. Sodium thiosulfate (1/70N): Dissolve 3.5g Na2S203·5H20 in Hilli-Q 
water and dilute to 1 liter. {1 ml of this solut1on will remove I mg/l 
of residual chlorine in 500 ml of sample). 

NOTES: 

1. Residual chlorine must be removed prior to distillation by pretreating 
the sample with sodium thiosulfate solution. 

2. Pre-steam the distillation apparatus with 10% NaOH before use, for each 
batch analyzed. 

3. Cyanate and some volatile alkaline compounds may cause an offcolor 
nesslerization. This off-color can be eliminated by boiling the sample 
at a low pH (pH 2-3) to drive off the compound. This should be done 
prior to the distillation step. 

Procedure: Sample must be homogenized prior to analysis to ensure a 
representative sample aliquot. 

Distillation: 

1. All ~lassware is to be soap and water washed, tap water rinsed, and 
Hill1-Q water rinsed prior to use. 
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2. The reservoir should be 2/3 full with Hilli-Q water. Add a few boiling 
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on 
the heater. Set heater control to HIGH. Allow the steam reservoir to 
heat up. This unit will take about 45 minutes to heat-up. Turn the 
heater control to about a setting of 8 and bring to boiling. Analysis 
can begin once boiling begins. 

3. Prepare the distillation apparatus as follows: Steam out the 
distillation apparatus with a 10% NaOH solution. Turn on water and 
continue until 40 ml has been distilled. -

4. Agueous samoles: 

Place 50 ml or an aliquot of sample diluted to 50 ml in a 150 ml ~ 
beaker. Record the volume used. Add IN NaOH while stirring very 
slowly until the pH is 9.5 ±0.1 using pH meter. 

To spike: Place 50 ml sample and 5 ml of the 10 mg/L ammonia standard 
into a beaker, adjust pH to 9.5 ±0.1 and continue with procedure. 
Final spike level is 1.0 mg/l. 

Non-aqueous samples: 

Place approximately l.Og in a 150 ml beaker. Record weight used. Add 
50 ml Hilli-Q water and adjust the pH with IN NaOH, while stirring 
slowly, to pH 9.5 ±0.1 using pH meter. 

To sgike: Place l.Og sample, 5 ml of the 10 mg/L ammonia standard in 
the eaker. Add 50 ml Hilli-Q water, adjust pH, and continue with 
procedure. 

5. Transfer the pH-adjusted sample to a 100 ml Kjeldahl flask. Add 2.5 ml 
of borate buffer. 

6. Add 5 ml of boric acid to a 50 ml Erlenmeyer flask and place flask at 
the condenser outlet with the tip of the condenser immersed in the 
boric acid. 

7. Connect the Kjeldahl flask to the distillation apparatus and secure 
with springs. 

8. Close the stopcock on the condensation chamber. Close the drain 
stopcock. The steam will now pass through the Kjeldahl flask. 

9. Steam distill 30-40 ml at a rate of 4-5 ml/min. 

10. Rinse tip of condenser into erlenmeyer flask, remove the erlenmeyer 
flask. 

11. Rinse the tip of the condenser and steam outlet into a waste beaker. 
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12. Continue distilling remaining samples, blanks and standards. When all 
samples, blanks and standards are distilled, the colorimetric 
determination can be performed. 

Colorimetric Determination: 

1. Prepare the following series of blanks and standards in 50 ml mixing 
cylinders containing 5 mls of boric acid solution (These do not need to 
be taken through the distillation step). 

ml of 10 mg/L 
ammonium chloride Dilute Concentration 

~elution to {mgll 

0 50 ml BLANK 
0.5 50 ml 0.10 
1.0 50 •l 0.20 
2.0 50 ml 0.40 
5.0 50 ml 1.00 
10.0 50 Ill 2.00 

2. Add 2.0 ml of Nessler reagent to the blank and standards. Stopper and 
mix by inverting several times. 

3. After 20 minutes, read the absorbances on the spectrophotometer set at 
425nm using the sipper cell. Zero ~he spectrophotometer to the reagent 
blank. 

4. Transfer distilled samples to SO ml mixing cylinders and dilute to 
50 ml with Milli-Q water. Mix. 

5. Determine the ammonia in the distillate as follows: 

· Transfer 25 ml of distillate, or an aliquot diluted to 
25 ml, to a mixing cylinder. ~ 

Add 1 ml of Nessler reagent and mix by inverting several times. 

· After 20 minutes, read the absorbance as described in Step 3. 

Calculations: 

1. Aqueous Samoles: 

a. Calculate using linear regression. 

b. Multiply in any dilution factors performed in the distillation and 
colorimetric steps to obtain the final result in mg/L. 
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2. Non-Aaueous Samples: 

a. Calculate using regression to obtain a mg/l value. 

b. Multiply in any dilution factor performed in the colorimetric step 
(mg/l). 

c. Multiply result obtained from "Step b• by 50 and divide by grams of 
sample used to obtain the final result in mg/kg. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a blank. 
Record the absorbance check standards (1.00 mg/l) in the absorbance check 
book. The absorbances should remain consistent from run to run. If not, 
necessary troubleshooting must be performed before continuing (check 
wavelength, spectrometer bulb, solutions, etc.). 

2. A distilled blank, standard (1.00 mg/l), and known reference standard are 
tq be analyzed at the beginning of the analytical run. The standards 
must be within acceptable ranges and the blank less then the detection 
limit, or troubleshooting must be performed. 

3. A quality control calibration standard of 1.00 mg/l and a blank are to be 
analyzed, initially and after every 10 samples. This standard does not 
need be carried through the distillation procedure. The last samples 
analyzed in the run are to be the calibration standard and blank. These 
standards must be within the acceptable ranges (± 10% of the true value) 
or the samples run after the last acceptable check standard are to be 
reanalyzed. 

4. DupHcate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges, or 
data must be flagged appropriately. 
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Scope and Application: 

... --· ... ... , . ......,..-.~-:.:-...,.. 

TOTAL KJELDAHL NITROGEN 

This method is applicable for the determination of 
total kjeldahl nitrogen in drinking water, surface 
water, groundwater, domestic and industrial 
wastewaters. Soils, sludges and solid waste samples 
may also be analyzed by this method. 

Method: Micro-digestion, micro-distillation, colorimetric 

Reference: EPA 1983, Method 351.3. 

Detection Limit: 0.10 mg/L or aqueous samples 
5.00 mg/kg for ·non-aqueous samples 

Sample Handling: Acidify aqueous samples with concentrated HzSOf to pH <2 and 
refrigerate at 4oc. (Non-aqueous samples s~ou d be 

'-. refrigerated at 40C.) Analyze samples within 28 days of 
collection. 

Reagents and Apparatus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

Mercuric oxide, red (HgO) 
Sulfuric acid, concentrated (HzS04) 
Potassium sulfate {KzS04) 
Sodium hydroxide (NaOH) 
Sodium thiosulfate (NazSz03·5HzO) 
Micro kjeldahl digestion apparatus 
Milli-Q water 
Boiling chips { 
Volumetric glassware (flasks and pipe s) 
100 ml Kjeldahl flasks 
Wide-mouth pipets 
Graduated cylinders, 50 ml 
Keeney distillation apparatus 
Spectrophotometer, set at 425nm with sipper cell 
Erlenmeyer flasks, 50 ml 
pH meter, 0.1 pH unit sensitivity 
Top loadin~ balance, 0.01g sensitivity 
Mixin~ cyl1nders, 50 ml 
Amrnon1um chloride (NH4Cl) ' 
Boric acid CH3B03} 
Mercuric iodiae (~gl!) 
Potassium iodide (KI 
Analytical balance, .OOOlg sensitivity 

Reagent Preoaration: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Mercuric sulfate solution: Dissolve 4.0g red HgO in 25 ml of 1:4 
sulfuric acid (5 ml cone. HzS04:20 ml Milli-Q water) and dilute to 
50 ml with Milli-Q water. 
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2. Digestion solution: Dissolve I33.5g K2S04 in 650 ml Milli-Q water and 
20 ml cone. H2S04. Add 25 ml of mercuric sulfate solution and dilute 
to I liter wit~ M1lli-Q water. Store at room temperature in glass to 
prevent crystallization. If crystals do form, heat slowly, while 
stirring, to dissolve. 

3. Sodium hydroxide-sodium thiosulfate solution: Dissolve SOOg NaOH and 
2S.Og Na2S203·SH20 in Milli-Q water and dilute to 1 liter. Caution­
solution becomes very hot. Store in a plastic bottle. 

4. Ammonium chloride stock solution CIOOO mg/L~: In a liter volumetric 
flask, dissolve 3.8I9g NH4Cl in approximate y 300 ml Milli-Q water and 
bring to volume. 

5. Ammonium chloride tandard solution IO m L In a volumetric flask, 
dilute IO.O ml o the ammonium chloride stoc solution to I liter with 
Mill i -Q water. 

6. Boric acid solution: In a volumetric flask, dissolve 20.0g H3B03 in '-' 
Milli-Q water and dilute to I liter. 

7. Nessler reagent: Dissolve 100~ of mercuric iodide and 70g of potassium 
iodide in a out 200 ml of Mil~1-Q water. Add this mixture slowly, 
while stirring to a COOLED solution of 160g NaOH in 500 ml Hilli-Q 
water. Dilute the mixture to I liter. Store in a Pyrex bottle and 
keep o~~ of direct sunlight. Refrigerate. Note: Also commercially 
available. 

8. Sodium hydroxide CIN): Dissolve 40g NaOH in Milli-Q water and dilute 
to 1 liter. 

9. Nicotinic acid stock solution ClOOO ~-N/L): Dissolve 8.788g in 900 ml 
Milli-Q water, add 2 ml HzS04 and di ute to I liter. 

IO. Nicotinic acid standard solution (50 mg-N/Ll: In a 100 ml volumetric 
flask, dilute 5.0 ml of the nicotinic acid stock solution to 100 ml 
with Milli-Q water. 

NOTES: 

I. High nitrate concentrations (10 times or greater that of the TKN level} 
result in low TKN values. Dilute samples and spike if nitrate 
interferences are expected. 

2. The distillation unit c~n occasionally build up with mercury. Wash the 
distillation unit with 10% HCL to prevent build-up in the tubes. 

3. Contamination can be a problem. Be sure to wash all glassware and 
apparatus thoroughly and rinse with Milli-Q water prior to use. 
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Procedure: Sample must be homogenized prior to analysis to ensure a 
representative sample aliquot. 

A. Digestion: 

1. All ~lassware must be soap and water washed, tap water rinsed and 
Mill1-Q water rinsed prior to use. 

2. Prepare the following series of blanks and standards. These standards 
are to be taken through the distillation step. 

mL of 10 1!19/L 
ammonium chloride Dilute Concentration 

solution to (molL 

0 50 mL BLANK 
2.0 50 mL 0.40 
5.0 50 mL 1.00 
7.0 50 mL 1.40 
10.0 50 mL 2.00 

3. For aqueous samples: Measure out 50 mL sample (or an aliquot diluted 
to 50 mL if elevated TKN levels are expected) into a 100 mL Kjeldahl 
flask. Record the volume used. 

To soike aqueous samples: Measure 50 mL sample and 5 mL of the 10 mg/L 
ammonium chloride standard and proceed. 

For non-aqueous samples: Weigh out approximately ·1.0g sample into a 
100 mL Kjeldahl flask. Record weight used. Add 50 ml Milli-Q water. 

To spike non-aqueous samples: Wei~h out approximately 1.0g sample, add 
5 mL of the 10 mg/L ammonium chlor1de standard and proceed. Record 
weight used. 

4. Add 10 mL of digestion solution to the kjeldahl flask using a 10 mL 
wide-mouth pipet. Add 3-5 boiling chips. 

5. Place flask on micro Kjeldahl digestion apparatus and digest until 
dense, white S03 fumes are given off and the solution turns colorless 
or straw yellow. Digestion must be performed in the hood! Digest the 
samples with the digestion apparatus set at 3-4. 

6. Digest for 30 minutes more. 

7. Cool and add 30 mL Milli-Q water. Cap with parafilm if not distilling 
imrnediately. 

8. Proceed to the distillation portion of the procedure. 
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B. Distillation: 

1. All 9lassware is to be soap and water washed, tap water rinsed, and 
Mill1-Q water rinsed prior to use. 

2. The reservoir should be 2/3 full with Hilli-Q water. Add a few boiling 
chips. Add sulfuric acid to reservoir to bring to a ph <2. Turn on 
the heater. Set heater control to HIGH. Allow the steam reservoir to 
heat up. This will take about 45 minutes. Turn the heater control to 
about a setting of 8 and bring to boiling. Analysis can begin once 
water is boiling. 

3. Preoaration of the distillation apparatuf: Steam out the distillation 
apparatus with a 10% NaOH solution. Ana yze a blank to confirm no 
trace of ammonia exists (no color change with the addition of Nessler 
reagent to the distillate). 

4. Add 5 ml of boric acid to a 50 ml Erlenmeyer flask and place at the 
condenser outlet with the tip of the condenser immersed in the boric 
acid. 

5. Connect the Kjeldahl flask to the distillation apparatus and secure 
with springs. 

6. Fill the NaOH chamber to the 10 ml mark with NaOH/thiosulfate solution. 
Slowly lift glass stopper to allow solution to run down tube and into 
sample distillation flask. Stop flow if "neutralizing action" becomes 
too vigorous or siphoning back of receiving solution occurs. Replace 
glass stopper in chamber. 

7. Close the stopcock on the condensation chamber. Close the drain 
stopcock. The steam will now pass through the Kjeldahl flask. 

8. Steam distill 30-40 ml at a rate of 4-5 ml/min. 

9. Rinse tip of condenser with Hilli-Q into erlenmeyer flask, remove the 
erlenmeyer flask. 

10. 

11. 

Rinse the top of the condenser and steam outlet into a waste beaker. 

Continue distilling remaining samples, blanks and standards. When all 
samples, blanks and standards are distilled, the colorimetric 
determination can be performed. 

C. Colorimetric Determination: 

1. Transfer distilled blanks, standards and samples to 50 ml mixing 
cylinder and dilute to 50 ml with Hilli-Q water. Mix. 

[INORGSOP] 
KJNCl-4 



2. Determine the TKN in the distillate colorimetrically as follows: 

· Pour 25 ml of .distillate or an aliquot diluted to 25 ml in a 
mixing cylinder. 

· Add 1 ml of Nessler reagent. Stopper and mix by inverting several 
times. 

· After 20 minutes, read the absorbances on the spectrophotometer set 
at 425 nm using the sipper cell. Zero the spectrophotometer to the 
distilled reagent blank. 

Calculations: 

1. Follow the calculations as stated in the ammonia nitro~en SOP. Hake 
sure to calculate in any digestion dilution into the f1nal result to 
obtain the TKN value. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Digest and distill the standard curve and blank. Record the 
absorbance check standard (1.00 mg/l) in the absorbance check book. 
The absorbances should remain consistent from run to run. If not, 
necessary troubleshooting must ba performed before continuing (check 
wavelength, spectrometer bulb, solutions, etc.). 

2. A digested/distilled calibration standard, (1.00 mg/l) blank, and known 
reference standard are to be analyzed at the beginning of the 
analytical run. The standard, must be within acceptable ranges and the 
blank less than the detection limit or troubleshooting must be 
performed. 

3. A quality control calibration standard (1.00 mg/l) and a blank are to 
be analyzed, initially, and after every 10 samp1es. This standard 
needs to be carried through the digestion/distillation procedure. The 
last samples analyzed in the run are to be the calibration standard and 
blank. These standards must be within the acceptable ranges (± 10l of 
the true value) or the samples run after the last acceptable standard 
are to be reanalyzed. 

4. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. Spike 
recoveries and duplicate results are to be within acceptable ranges. 
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Scope and Application: 

SULFATE - AUTOANALYZER 

This method is applicable to drinking water, surface 
water, groundwater and wastewater. 

Reference: EPA 1983, Method 375.2 
lachat Instruments 1986, Method 10-116-10-2-8 

Detection limit: 5.0 mgjl. 

Optimum Concentration Range: 5.0 - 200 mg/l 

Sample Handling: Refrigerate at 4*C and analyze within 28 days of collection. 

Instrument Conditions: 

1. load time: 20 seconds 
2. Inject period: 30 seconds 
3. Inject to start of peak period: 9 seconds 
4. Inject to end of peak period: 54 seconds 
5. Cycle time: 50 seconds 
6. Gain: 700 
7. Zero: 200 
8. Interference filter: 460 nm 
9. Sample loo~: 10 em 

10. Standards for curve set-up: 0, 25.0, 50.0, 100, 150, 200 mg/l. 

Reagent Preparation: {Prepare fresh every 6 months, unless otherwise stated.) 

J. Degassing with helium- 2 options: 

2. 

3. 

a. Boil Hilli-Q water vigorously for 5 minutes. Cool and store in 
cubitainer. 

b. Bubble helium, usin~ the fritted gas dispersion tube, through the 
Milli-Q water (15 mln/20 L.) Store in cubitainer. 

Carrier (0.3 ~pm S04l: In a 1 liter volumetric flask, add 0.3 ml of 
1000 ppm stoc sulfate solution and dilute to mark with degassed 
Milli-Q water. 

Barium chloride solution C6.24Ml: In a 1 liter volumetric flask, 
dissolve 1.526 g of barium chloride dihydrate (BaC12·2HzO} in 500 ml of 
Milli-Q water and dilute to 1 liter. 

4. Hydrochloric acid Cl.ON): In a 100 ml volumetric flask, containing 
approximately 80 ml of Milli-Q water, add 8.3 ml of concentrated 
hydrochloric acid and dilute to the mark with Milli-Q water. 
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5. Barium - HTB color reagent: (The purity of the methylthymol blue and 
the alcohol can be critical. USE THE SOURCES STATED BELOW}. 

6. 

In a dry 1000 ml volumetric flask place 0.2364 g of methylthymol blue 
(3', 3• bis-N, N-bis carboxymeth¥i}-amino methylthymolsulfon-eP.hthalein 
pentasodium salt (Kodak No. 8068). Add 50 ml of barium chlori~e 
solution (•3• above). The solution may be used to aid in the transfer 
of the dye. Swirl to dissolve. Add 8.0 ml of the 1.0N HCL solution 
("4" above) and mix - solution may turn orange. Add 142 ml d~ionized 
water and dilute to 1000 ml with ethanol (Aldrich 24.511.9) ~ix. The 
pH of this solution should be 2.5. Prepare this solution the ,day 
before use and store it refri3erated in an amber bottle. NOTE: amount 
of methylthymol blue may be a justed up/down for variance in 1ots of 
MTB. 

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 14.4 ml 
of 50% sodium hydroxide ("6" above) to degassed Milli~Q water, and 
dilute to the mark. 

8. Buffered EDTA Cfor cleanin~ manifold): In a 1 liter volumetric flask, 
dissolve 6.75 g ammonium c loride CNH4Cl} in 500 ml DI water. Add 
57 ml concentrated ammonium hydroxide and 40.0 g tetrasodium EDTA 
dihydrate. Dissolve by swirling; dilute to the mark with 01 water. 

9. Sulfate stock (1000 mq/L~: Dry approximately 2 g of sodium sulfate 
(N~2SOf) at 105 C for 2 ours. Cool in a desiccator. In a 1 liter 
volume ric flask, dissolve 1.479 g of the dried sodium sulfate in 
Milli-Q water and dilute to 1 liter. (1.0 ml • 1.0 mg S04). 

10. Working standard: (Prepare fresh every 2 months). Refrigerate. 

Concentration 
of Standard 

0 mgfl 
25.0 mg/l 
50.0 mgfl 

100 mg/l 
150 mg/l 
200 mg/l 

letter 
Identifier 

A 
B 
c 
D 
E 
F 

Volume of 
Sulfate Standard 

0 
5.0 

10.0 
50.0 
75.0 
40.0 

NOTE: Final volumes are not the same! 
Computer refers to standards by letter. 
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Preparation of Ion Exchange Column: 

1. Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ion 
exchange resin in Milli-Q water. 

2. Remove one column end from the glass column. Fill the column with 
water, then aspirate the slurry or allow it to settle by gravity to 
pack the column. Take care to avoid traoging air bubbles in the column 
and its fittings at this point and all su sequent operations. 

3. After the resin has settled, replace the end fitting. To ensure a good 
seal, remove any resin ~articles from the threads of the glass, the 
column end and the end fittin~s. To store the column, the ends of the 
Teflon tubing may be joined w1th a union. 

4. To test the effectiveness of the column, make up a standard of pure 
sodium sulfate and compare its peak height to an identical standard 
with hardness typical of the samples added. If the column is being 
depleted, the standard with hardness will read lower because the 
divalent cations are complexing the free MTB. The concentration of the 
standard should be mid-range. If depletion has occurred, repack the 
column with fresh resin. 

5. Re9enerating Resin: Batch regeneration is recommended because the 
hy rogen form of BioRex 70 can swell considerable more than the sodium 
form. collect the used resin in a small beaker or flask. Wash with 
dilute HCL until the wash tests free of calcium and/or magnesium. This 
procedure removes the divalent cations by converting the carboxylate 
exchange group to the protonated form - COOH. Convert the resin back 
to the sodium form by neutralizin~ with washes of 0.5H NaOH until the 
wash has a pH of 9 or greater. R1nse with deionized water for storage 
or repacking. A column may be used for 3~4 ·trays (approximately ISO 
samples) before it needs to be replaced. 

Notes: 

1. Samp1es must be diluted to obtain concentrations within the optimum 
work1ng range. 

2. Sulfate standards may be combined with alkalinity and chloride 
standards for use with the 3-channel method. 

3. The gain and zero settings are guidelines and must be adjusted each day 
to optimize. 

4. All coils (including waste coil) must be changed at least once each 
quarter to prevent build-up in lines. 
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4. Interferences: 

The cation exchange column removes multivalent cations. Run a mid­
ran~e sulfate standard containing a typical concentration of CaC03 
per1odically to check performance. Any decrease in peak height 
should indicate the need to regenerate or replace the resin. (At 
600 ppm CaC03, the column is good for 80 + injections.} 

Samples with pH <2 should be neutralized. High acid concentrations 
can displace multivalent cations from the column. 

Color will interfere. Dilute the sample and also spike the 
dilution to confirm the quality of the result. 

Turbidity - turbid samples may be filtered (use Whatman #1 or #4) 
prior to analysis on lachat. 

Orthophosphate also forms a precipitate with barium at high pH. 
Check the response of pure orthophosphate standards, if samples are 
known to be high in P04•. 

5. Troubleshooting: 

A. Baseline noise with reagents pumping. 

[ INORGSOP] 

1. Noise with column fn line but good baseline without column. 

a. Repack column, air bubbles may be causing pulsing. 

b. Check flow fit connectors and end fittings on column for 
blockage or leaks. 

2. Noise with and without column in line. 

a. De~as carrier and/or reagents. Fine bubbles cause sharp 
sp1kes on baseline. 

b. Place a longer piece of manifold tubing on the outlet of 
the flow cell leading to the waste container. This method 
requires the use of the screw type flow cell. 

c. Replace the pump tubes. The silicone tube, used for the 
color reagent, wears faster than the PVC pump tubes. · 

d. With water pumping in the lines, check all hydraulic 
connections for blockages, leaks, etc. 
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B. Baseline drift. 

1. Clean the manifold with the buffered EDTA. 

2. Turn the gain high and use the shortest sample loop possible. 
This im~roves the linearity of the calibration curvei prolongs 
the useful life of the column, and minimizes the bui d up of 
BaS04 on the manifold tubing. 

System Operation: 

1. Refer to "Auto Analyzer Operation start-up procedure.• 
(SOP# LAA-Section A). 

2. Pump reagents through the lines ~ inserting the column. Use a 
short piece of manifold tubing in-prate of the column. When all air 
has passed and the baseline is steady, turn off the pump and insert the 
column. The column should be placed in a vertical position with flow 
in the top and out the bottom. In this configuration, the column will 
operate effectively even if the resin packs down more to leave a gap at 
the top. Resume pumping. 

3. Analyze an initial check standard, a blank, and a known reference at 
tne beginning of each run. The blank must be less than the detection 
limit and the standards within acceptable limits. 

4. To spike: Mix equal volumes of sample and 150 mgjl S04 standard (D) 
for a final spike level of 75 mg/L. 

5. The calibration check standard is 100 mg/L (D). 

6. To shut down, turn off pump and remove the column. 

To remove the column: 

a. Turn off the pump. 
b. Remove the column. 
c. Join ends of the column with a union. 
d. Replace the column on the manifold with the short teflon tubing 

piece. 
e. Rinse manifold with Milli-Q water. 
f. Rinse manifold with EDTA cleaning solution. 
g. Continue with "Auto Analyzer Shut-down procedures" {SOP # LAA­

Section B). 
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Quality Control: 

1. Establish a standard curve with the standards listed above. Note that 
the calibration curve is calculated in a "piece-wise" fashion and is 
not linear. Be sure that calibration points describe smooth curve. If 
not, necessary troubleshooting must be performed before continuing 
(check reagents, pump tubing, valves, etc.). 

2. A quality control calibration standard of 100 mg/L and a blank are to 
be analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard and blank are still 
reguired. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check 
standard are to be reanalyzed. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. Spike 
recoveries and duplicates are to be within acceptable ranges or data 
must be flagged appropriately. 

Calculation: 

1. Calculate with Lachat QuikChem software, in the concentration mode, 
using the IBM XT computer. See LAAC SOP for further detail. 
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Scope and Application: 

NITRATE - AUTOAHAlYZER 

This method is applicable to drinking water, 
surface water, groundwater and wastewater. 

Reference: EPA 1983, Method 353.2 
lachat Instruments, 1986 

Detection limit: 0.02 mg/l 

Optimum Range: 0.02 - 2.00 mg/l N03 + HOz - N 

Sample Handling: Preserve with sulfuric acid to pH <2 and refrigerate at 4JC. 
Analyze within 14 days. Alternatively, unpreserved samples, 
kept at 43 can be analyzed within 48 hours of sampling. 

Instrument Conditions: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Pump speed: 35 
Cycle period: 50 seconds 
load period: 20 seconds 
Inject period: 20 seconds 
Inject to start of peak period: 22 seconds 
Inject to end of peak period: 68 seconds 
Gain: 450 
Zero: 400 
Interface filter: 520 nm 
Sample loo~: 17 em 
Standards for curve set-up: 0, 0.20, 0.50, 1.00, 2.00 mgfl 
Column: (see reagents 7-10) 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Degassed Milli-0 water (2 options): 

2. 

3. 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store in a 
cubitainer, or 

b. Bubble helium, using the fritted gas dispersion tube, through the 
Milli-Q water. Store in cubitainer. (15 min/20 l) 

Stock nitrate standard (100 mg/l NO~l: In a 1 liter volumetric 
flask, dissolve 0.7218 potassium ni rate (KN03) in about 600 ml of 
Milli-Q water. Add 2 ml of concentrated HzS04 as a preservative. 
Dilute to the mark. Store in a dark glass bottle. 

Working stock nitrate standard CIO mg/l N03l: Add 50 mls D.I. water 
to a 100 ml volumetric flask. Add 0.2 mls concentrated H2S04 and 
pipet 10.0 ml of the stock nitrate standard. Dilute to t~e mark with 
DI water. Prepare fresh every 2 weeks. 
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4. Standards: (Prepare fresh every 2 weeks.) Preserve with 0.2 ml 
H2S04. Dilute to volume with 0.1. water. Refrigerate. 

Concentration Letter Volume of Dilute 
of Standard Identifier N03 Standard to 

0 mg/l A 0 100 mls 
0.20 mg/l B 2.0 100 mls 
0.50 mg/l c 5.0 100 mls 
1.00 mg/l D 10.0 100 mls 
2.00 mg/1 E 20.0 100 mls 

Note: Computer refers to standards by letter. 

5. Sodium hydroxide (15M): To 250 ml of D.I. water, add 150.0g NaOH. 
SLOWLY! This solution will get very HOT! Swirl to dissolve. Store 
in a plastic bottle. 

6. 

7. 

8. 

Ammonium chloride buffer sol~tion: In a 1 liter volumetric flask, 
dissolve 85.0g of ammonium c loride (NH4Cl) and l.Og of disodium 
ethylenediamine tetracetate dihydrate (EDTA) in approximately 800 ml 
D.I. ~ater. Adjust the pH to 8.5 with ISH NaOH. Dilute to the mark 
and filter through a .45 urn filter. Refrigerate. 

* See NOTES 15. 

Sulfanilamide color reagent: In a 1 liter volumetric flask, add 
approximately 800 ml of Hi li-Q water. Then add 100 ml concentrated 
phosphoric acid (H3P04). Add 40.0g sulfanilamide and dissolve 
completely. Dissolve l.Og N-1-nap~thlethylendeiamine dihydrochloride 
(NED) and dilute to one liter. Store in dark bottle at 43C. Stable 
for 2 months when refrigerated. 

Column Preoaration: 

a. Cadmium preparation: Place 10-20g of coarse cadmium powder 
(granules) in a 250 ml beaker and wash with 50 ml of acetone, 
then distilled water, then two 50 ml portions of 1 M hydrochloric 
acid (8 ml concentrated hydrochloric acid plus 92 ml deionized 
water). Then rinse thorou~hly with deionized water. If using 
cadmium for second time, r1nse with 1 M hydrochloric acid before 
beginning process. CAUTION: Collect and store all waste 
cadmium. Wear gloves! 

b. Copperization: Prepare a 2% copper sulfate solution (20g 
CuS04 SH20) per liter of deionized water) and add a 100 ml 
port1on to the cadmium prepared in "a• above. Swirl gently for 
about 5 minutes, then decant the liquid and repeat with a fresh 
100 ml portion of 2% copper sulfate. Continue this process until 
colloidal copper is visible in the supernatant (a red-brown 
precipitate) and solution remains blue in color. Rinse with D.I. 
water until all colloidal copper is removed from the supernatant. 
Wash once with ammonium chloride buffer. The cadmium should be 
black or dark gray. The cadmium granules may be stored in a 
stoppered bottle in ammonium chloride buffer. 
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Notes: 

c. Packin the column wear loves : Place a small piece of 
polyurethane foam (or glass wool loosely in the end of the glass 
tube. Insert the plugged end of the ~lass tube into the column 
end fitting. Cut a length of 0.032" 1d teflon tubing 3 to 4 
inches longer than the column. 

Insert the teflon tube in the end fitting and fill the whole tube 
with water, holding the flexible tube in a U-shape so that the 
ends are level. Place the second end fitting on the other end of 
the teflon tubin9. (Placing a small funnel onto the end fitting 
may aid filling.) Taking care that no air bubbles are 
introduced, place the copperized cadmium granules in the column. 
Tap the column gently, every 1-2 em, to pack the granules. When 
the column is packed to within about 5 mm of the end of the glass 
column, insert another foam plug, then the column end fitting. 
Store the column with the ends connected with a length of teflon 
tubing, as air pockets or having the column dry out will 
necessitate repacking. If air remains in the column, connect the 
column to the •anifold and turn the pump on maximum. Tap column 
firmly until all air is removed. 

d. Column activation: The column must be activated before use or it 
will not reduce nitrate. This may be accomplished by pumping the 
10 mg/l nitrate standard through the sample line. When the 
solution is injected, a brilliant pink color will be visible in 
the coil. The cadmium column efficiency should be above 80%, if 
less, the column must be repacked. 

1. Interferences: 

2. 

3. 

4. 

- Build up of suspended matter in the reduction column will 
restrict sample flow. Since nitrate-nitrogen is found in 
a soluble state, the sample must be pre-filtered. 

- low results might be obtained for samples that contain high 
concentrations of iron, copper or other metals. EDTA is added 
to the samples to eliminate these interferences. 

Samples that contain large concentrations of oil and grease 
will coat the surface of the column. This interference is 
eliminated by pre-extracting the sample with an organic solvent. 

Samp1es must be diluted to obtain concentrations within the optimum 
work1ng range. · 

The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 

Color will interfere: dilute the sample and also spike the dilution 
to confirm the quality of the result. Record on data.sheet. 
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5. ACS ~rade ammonium chloride has been found occasionally to contain 
sign1ficant nitrate contamination, so an alternative preparation for 
the ammonium chloride buffer (Reagent #6) is as follows: 

In the hood, add 126 ml concentrated HCl to a 1 liter volumetric 
flask containin~ 500 ml degassed Hilli-Q water. Mix. Add g5 ml 
ammonium hydrox1de and 1.0 gm disodium EDTA. Dissolve and dilute to 
the mark. The pH should be 8.5 ± .1, adjust pH if necessary. 

System Operation: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

g_ 

Refer to Auto Analyzer Operation - Start-up Procedure (lOP# LAA­
section A). 

After pumping reagents through the lines turn off the pump and 
insert column, making sure that air bubbfes are not introduced into 
the column. 

Activate column if necessary. (See #8d. above.) 

Analyze an initial calibration check standard, a blank, and a 
reference standard at the begin~ing of each run. The blank must be 
below the IDL and standards must be within the control limits. 

To spike samples, mix equal volumes of sample and 1.00 mg/l standard 
for a final spike level of 0.50 mg/l. 

The calibration check standard is 1.00 mg/l N03 (D). 

If only nitrate is requested, nitrites must be analyzed and 
subtracted from the nitrate + nitrite value. 

After use, turn off the pump and remove the column from the manifold. 

Refer to Auto-Analyzer Shut-down Procedure. (lOP# LAA-Section B.) 

Qual;ty Control: 

1. 

2. 

3. 

Establish a standard curve with the standards listed above. The 
derived concentrations for each calibration standard must be within 
10% of the true value. 

A quality control calibration standard of 1.00 mg/l and a blank are 
to be analyzed, at a minimum, after every 10 samples. If less than 
10 samples are analyzed, a calibration standard and blank are still 
required. The last samples analyzed in the run are to be the 
calibration standard and blank. These standards must be within the 
acceptable ranges or the samples run after the last acceptable check 
standard are to be reanalyzed. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Spike recoveries and duplicates are to be within acceptable ranges or 
data must be flagged appropriately. 

Calculation: 

1. Calculate with lachat Quikchem software, in the concentration mode, 
using the IBM XT computer. 
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